. CDEFe3e! "! ~~d. 6dTgql L MAR 2003 A VARI ABLE SLEEP MODE FOR MoBI (E $WRTPROIS
IN A MOBI LE COMMUNI CATI ONS NETWORK FI ELD OF THE | NVENTI ON The present

i nventi 0 battery-operated nobile radio stations, and nore
parti cul‘mw"@“lmmﬂmml ancing the desire to conserve battery power w th other
factors at_erfect nobile station performance. BACKGROUND AND SUMVARY OF
THE | NVENTI'€f®Rbbi | e conmmuni cations have devel oped fromfirst generation,
anal og based nobile radio systens to sdcond generation digital systens,
such as the European to d obal Systemfor Mobile conmmunications (GSM.
Current devel opnments for a third generation of nobile radi o conmuni cations
are referred to as the Universal Mbile Tel ephone communi cati ons System

(UMIS). In si apySRISBIK SLEEP WMHBH BORMOBIDEGIA PIONS INVCMOBELE
everywhere, " where communi cehpvuNIChddONS NETWERKSI on of information

using different types of nedia, i.e., nmultinmedia ~5 comunications. The
goal of UMIS services is to conbine both fixed and nobile services to form
a seanl ess, end-to-end servi 1L r se of the wi despread
success of the existing GSM al "GSMfootprint," as

wel | as the inherent upgradabi l i-ty and rmdul arity of the GSM platform
there is a strong i AREpHSed S RATER fofdfes Wlatte -?;?e'?até@}ﬁ%ﬂéﬂ'c'ﬁ,o@ﬂ‘dbnéo

pl atform Accordingly, the present iInventio s described in the context of
a UMIS bsasend moregrarteonddriyeth @Bivcing slief desing toanodsertedragtbryrpowen wgh oGS

term nol ogy. O course, e principles of the present invention are not
limted toﬁf“ﬁﬁ/ﬁ’ét, %CC@Q%H%FE??W{IEWHN ogy, or to any specific mobile
comuni cations network and may be inplemented using other appropriate

network platfornms and configurations. ~1 ~ ~ ~  ~~ Z0O-J3 2 Current
mobi | e/ cel | ul ar t e BROCKGROUND AND SIEVIMARY QF #HE/ ENEBRNTIO8esi gned to

connect and function with Public Sw tched Tel ephone Networks (PSTNs) and
Integrated Services Digital Networks (I SDNs). Both of these networks are
circuitsw tched net MWstis commugicagonsiyahdaysiored remjfirstpsperations agplogandl e

relatively r oW ' ' ver, ~iS\ t wor ks,

uch as  WERERRHIE RS MAeelo LS rerd DDA oy BRL RhP TW! BERGILRE

bandwi dioh Helfal Bgstérh fior MobilUdommswidad tresd GSM)W@uleent Wvelopments €driartkird

conmmuni cation termnals, e.g., personal co?r}put ers, are capable of utilizing
i

the wider SERKUIOPOHMPLHE RN EABPRUGRICBNIEFHF T e dusUnaral ol o
term nal s atofineRorMTIAROAN Bl RAFY SN UAYMARECAHS ShellimirRgs | 1 M ted

1
bandw dt h of Po the ra |oflai r interface tﬁat separates the nobile termnals
f r om packet'cawntmbednnetvoyks. evElerherd, Swhérs cormmneieatidn incladesdlti 0 access

systemthat provides.w rel ess agcess at very high data rates and supports
enhanced b85‘?"(135_?0“3&19{083%“%‘{3‘q'gecgﬁfrgftit?ﬁ%ﬁslogné‘fhf’d?endﬂlﬁgwlf‘h the first and
second gengpahiufiRatiidiRi The GOATHH IIMPS §PRCANS foRBbinkHoth figed@@GndBRY be best
satisfied by a Wdeband-Code Division Miultiple Access (WCDVA) radi o access

net wor k. T@eraisss wifoimm a seranless| engwioregd dersice fpttheowpr.a UMTS 10 is now briefly
described in conjunction with Fig. 1. A representative-connection-oriented,

external core network),shg 2,5LR M REGERS v1 Le the Public
Swi t ched 20 Tel ephone Vi mw?’ﬁ%f‘%%% ang%g%g%hﬁgﬁﬁg%t%grgatpegef%g?’\l/]e'ées Digital
Net wor k (| g@idpl “GSMdpotpset;it &t walkascminbeartntamplradabilityi and tredplagxt afrthal  cor e
network, s s. cloud 14, may .be for exanple the |Inferpet, h net wor ks
12 and 14 WQE‘%@&H?S}%WO@%W%@ tat gt KEelaruer eaphess o88h nodes 16,
The PSTIY | Sidofh! Adbdramplyl GagrksBliRhton & dekribOIMRAL E6htdx? of'a UMTS
connection-oriented service node shown as a circuit-swtched services

based on an evolved GSM platform, and therefore, uses GSM terminology. Of course,

the principles of the present invention are not limited to a UMTS, a GSM

platform/terminology, or to any specific mobile communications network and may be

implemented using other appropriate network platforms and configurations.
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2s node 18 which, in a GSMplatform includes a nobile swt¢hi pgRcpager
(MsC) 23 and a corresponding visiting location register (VLR) 24. Also in
the existing GSM platform the circuit-switched services node 18 is
connected to a base station system (BSS) 26 ~*‘F~~34 4~~, .. 3 which
inturn is connected to a radio base station (BS) 28 having a correspondi ng
geogr aphical cell area 34. The connectionl ess-oriented service node is a
packet -swi tched services node 20 tailoped to provide packet-sw tched type
services. In the GSMplatform such a s node corresponds to one or nore of
the General Packet Radio Service (GPRS) nodes; e.g.) SGSN, GGSN, etc. Each

of the core net wor ke e il Bl 3ech R Ror e iRl on gl ster

(H.R) 22 which stores nobile station i I cation, subscription, and
mobi | i ty/ | desighédono coniiext amd fuattionGonte Putdic \BovitkhaiEFaléphena\NdmwrkisGPATNs 20 ar e

al so connected to an, UMIS radi 0 _access _networ k N) 30 i ch includes one
or nore toanpiﬂngfaWéltS\Rb‘f‘?Schﬁlﬁlg\{eF‘é‘?rgs ﬁﬁ&?&f)- @ﬂ&éﬁ F%d‘ef%orgggeﬁlﬂrc%re base
stations : _S i g go e Ir i o] LApi cal cel

area 34. '?’%ém?gcpdﬂ;%@g%ges%a%}e%\%P%g%?cg%dggéE{’e}{raséi %%sn ?g?f rom nobi l e

st ati ons 3@ndwglth trivificr kbiwevempakéaoatched sdneorks rsechast the kterser are gerynodes 18

and 20 w t hoyt. the core, networks having,tq.request specifi.c.radi o resources
necessary %Clﬁdfléeﬁna ‘_["H’or?é’d@é’?‘{f:' é’@g‘?r bi‘ﬂ%‘”‘gﬁbﬂ‘@%%é?’bc %‘E'égé‘tcﬁg‘?mr k is
(LIRAN)  30he1W&HRS “WhAd WareBRE BsimBRieAdhtertita®, BBY pbahal tadhRegharanel s -- a

task by and large controlled by the radio network controllers 32. In a
W CDVA sy stapahle phelilizing he wided packehswitebed netwerkdiandwuithe avitgddshigrobibe eadi ng

codes. As described above, W rqvi des,the w andw dt.h.for

ol £ reds A0 LUPRRS Rd S PRERTR s RS heshee b e BRIR bV Rbe oo

provi des r@Besito/diemidifR8 tat kpafdicd SicShddilenaithofld fram paBRKEw @RI vers to zo
ensure high comuni cations quality. When a nobile stationis in an idle
state) e.gretwerss. i nvol ved in a connection with the URAN 30, the core
networks need to be able to | ocate and communi cate with the nobile station.
Mobi | e stations al I 0.1t Wm' - with the
core networks. Typ?%a%f%%%%m@g%a%ﬁgﬁiﬁgFéscg%afrszﬁéﬁglg%yed: eg?%}eﬁét he downl i nk
25 di r ect i @waess aoyary hghlhaswast ard swppéres anhancedbeaker sevates oot rédispedliyng
channel ), and ot,ﬂjeti1 i.n th(g:1 ug‘IgLnk di.rectL, n fromthe nobile gtation to
the base s1'&iHagls Wi the Hgrs Ardsecaed sRRtifR mpbilesommicatiop yysiemie T8 e nobi | e

stat i ons egld by e REst eI & WRKSRAIdRe BASETRRIFOMCLOWEDhage stat i on

of a particularcell i is currently physically |ocated. (~ ~ 1
|fin 2 I f talie acessenetworior k servi ce nodes do not know the specific cell

where the nobile station is currently |ocated, the core networks service

roup of corl s typi Larry BT ey B rlal s CATSIR PO REERL T 1 TS 16 e

group of cells typically ca oca
di rect ed fdeseniteddoeanjnetino mithtFig.d. oleptegemsdtaticomecaopagemed, pxtemadure i s

performed where a pagi ng ssa [S sent to the nobile station over the
downl i nk p¥T AY™E n gﬁ_ﬁwe&%f K o f?rr?éalﬂB‘Biﬂi‘ee‘%}hﬁlsiwéﬁﬁ?%i tiate
est abl g hmeaiprghe ﬁeﬁ?ﬂlﬁ?ﬁéﬁ@%&#& E}xetlﬂﬁgfaég'sgw?&gﬁ‘?‘%ita:?ﬁfew& (8PNYi @ the cell

where it is current ocated. In ordef for the no e station to receive
pagi ng nmesgagesiative-commsictibmess ammited, exiermal corp avevoed sbhgwn andodd bt eriyng at t he

appropri at ine t h articul ar cantrol .i 0 channel over whi.ch the
PR T] 6 ol eramite g dn Gt 5ol B brBa2 e 1€ e RBNES i PRam S cont | nual | y
power ed angbrahd¥sk @N)iskAhiden@déshRd MRPSTH/ISDAIRYIt-sWIRH&! debwdrkNRGd

probability that it will detect and accurately receive the page. But nobile
st ati ons afaanerigdhala opnpstiprosicipdseavie¢inodanbbvraast a¢iicas-shalgkedesehvigest ed |ife

before .t he t be rec d.. Continued nmpnitaring of t i ng, channe
Cherer &t o M FyE ORbP FRnem el leF BB 1 @lehiti pigt (SEP) B9 £

desirabl e ¢greepdnain@atigrigy loeitoar¥difer (VLK) RE UARORR tHeQksti6 L GSMIPlatfeiin, Wher e
practical. The general idea is to place the nobile station into a | ow power
consunpt i ote gircutisyvaigghed pastices pde 4§ ¢s ¢vmngctadyio pbarerstagivasysitre (BBHidbe station
need not perform any necessary function. In order to nmake sure that it
receives 20 inportant nmessages, the nobile station is periodically awakened
fromits sleep node to a higher power nbde so that it can receive nessages
such as pages or send periodic updates of its location via a common
channel . The basic problem of optim zing the sleep node is a design
tradeof f between a | onger sl eep node which conserves the nobile station
battery power and a shorter sleep node which provides greater 25
performance |like faster call setup times or shorter data transfer delay in
the downlink direction towards the nobile station. 1b~1ir,~? 2003 One
way to approach this optimzation problemis to specify a fixed sl eep node

o o, 4 o o . oa



It is an object of the present invention to provide a powet LchaBel¥dng

sl eep node for a nobile station that may be vaned to accomodate particul ar
factors or circunstances. 20 It is an object of the present invention to
provi de a variabl e sl eep node where the nobile station initiates the change
of the variable sleep node. It is a further object of the present invention
to provide a variable sleep node that takes into account different activity
Jevels of the nobile station. It is a further object of the present
invention to provide a variable sleep 2s node that takes i nto account

, obil e station operator priorities and preferences. '1 4 Ms RZ~-E~-3 6 It
is a further. .object. of the.pres i nvent i rovide a riable sleep
mode that TS Finis SopsbGAR SrArpat e b Lo R Sl and ©1 e
constrai ntgogapmeiiabBdreudgrewith. It is yet another object of the present

invention to coordinate variable sleep nodes in nobile station
comuni cations with_plural core netwirks, The present invention solves

t hese probl ems and M@%W@%‘éssmn@tjﬁ@fﬂwélﬁ?@dﬁé PRSKe BIShEH SefVEchret hod of
operating t o] n may be
opt1 mal 1y "oy P @ A< o Pl B €0 e
statiors s mnpecatespmdsBasmdomoxerméﬂeremarabParkettRwdxeSamnd((ﬁPM)sqodes vari abl e
val ue_i s ternlned to establish tines when

he. mobi | &6t SEFSrCaaG A Fodh fh e BEvaTBER AbieR ORG: SAPEH or s o

hi gher povBEanidR #6ridtéh (HILR) 28X Fored indbifIStdtiBh 1&n9ﬁ9£1on-r§%%sdﬁ§’abﬂ1 Qpgtation’s
vari abl e wake up paranetér is provided to the radi o access network and to

t he core mrmaohibtyRecation pépmiatioso Ooti netwdrk nerwice oodemi Biaod 2 arsilsand ser vi ces
wtr1thermbll tati t5. 1f there | e,or nore of the
Condi ¢ 1 onopssiedth A BTS i ostbpEat PRENT BBpish ifTEHS oofE Safue of the
vari abhe wakig nédivRRESTRIRE (RINC) BE c¥@fié e onb of BSRYASEstAdnt RaleathpRge. For

exanpl e, the nobile station nmay operate at plural activity |evels and a
det ect ed citrilegdanng a|cntrt&medlog)@%raphgabaellamal%f dhemdiomsesfnetwrak po ur al

activity levels. The fere have ond|

Tt or ent TG e Sy P B0 AR bl A e E e A rF o SF B SP et cuant  n
data. The @glieCicdes ChaRDm Wilouaths @ofetetwids KRegB hiquestispdcificdatiing a change
in an operating condition during the tine the nobile is within one of those
activity |WEYRFes neqesyapplonsavifie those sesvicene Thub Melif radioraceass petvetkel of t he

nobi | e, st 5 r r ase the
frequenS(S:ya(fé\’!t}&{&‘I %:(ﬂq? 3 %%EAEF %&gar?rgtolg% %\Xngka radlIC§Ct}a%éla"hal tg%ﬂewga@tl vity

| evel . Forlaﬁgelcouvﬁdlleﬁllb&nmd@m‘et%rk yortevets,32t hEaV&aCWDA@yM&keindlpldpﬂr amet er
may be varied to decrease the frequency at which the npobile tat| on wakes
up. |f theadigrlranelsies dlogasd pying gpreading Godee FsdptriBFd PBYGe H-EPMR M1 7

subscri be I y ahElerval ue is
vari ed todqrﬁclgga@% t%d@g@fﬁ%@ﬂm& %’%ﬁv?xﬁaﬁd%‘@%ﬁg g{ag??on wgkles up if

t he curremdda&mvnaleopaquﬂesaﬂauat fbmwesiﬁkcagﬁverlsrﬁy liandof$ end Re&Kpeceiverstaa hi gher
del ay, the vari a | e wake u nmeter value may be varied to decrease the
frequeﬁ%y SOSULRY OFH%UWHEqu"?ﬁ%l on s wakes up. If the service includes a
maxi nrum del ay paraneter) the value of the variable wake up paranmeter is
varied to decrease When h kRtleRnayon iR il iale stdieg e gt BvsIved inddconadstisn Up

W t hout exceedi ng that maxi num del ay paraneter. The present invention also
permits a Yligléfhet‘ghb?‘ i39r the icoie ngtvasksynesa fQ by apledig hasafaapdicomminiquseth del ay,

and as a r@z lIﬂotbllQ gta%ml%gﬁ?erstﬂgohfﬂké gtgaéiittg Eff A {oalmtl%te%hﬁndﬁpca'ngnso@ﬁﬁ?mt er is

approprlate y varie e wak araneter val ue may
al so be vathe eorediemeanks. nlg/pmany henmmﬁehmfnemmm;ﬂmﬁcenem terdowniipiower i ng t he
nobi | e station. For exanp a power_ source having a shorter |ife suggests

a | ongd stiEeHoR fremghe aassé\%qm @dbﬁ@ebxﬂfaqu@ (apqgawg@anml} A BRI ¢t he
option of @e$ ﬁ’ﬁktcﬁfecﬁé)r?ﬁg GHEMBbi Es'fhti%n%ﬁl %Me%gau%ﬁ rg npqdi ment of the
present invention wake up aranmeter 1s calcu I'n accordance

wi t h the fcHiahosl). RprioSicaliR 'the, 1d}Mmmbﬁe Statien tegetechﬂra)tﬁeomseinakéQtw;aeseactﬂ e sleep
cycle, measured for exanple as an nber of o i on, channel
frames, dutiqg Qs f”g&’"tq’fé* H‘?Blfi“l é? ‘alt‘Y}B ‘i”§°|uffe‘i“ fya]ﬁﬁm node,
and n is a variable integer. Assum ng that the base statlon and nobile
station conmmuni cate using a comruni cati ons channel that is divided into a
repeating 2o sequence of Mfranes. The nunber of frames Min the sequence
is preferably an integer power of 2. The specific wake up frame nunber W
when the nobile station enters a higher power node nay be determned in
accordance with the following: W= ~kS~ nodulo M, where k is an integer.
The variabl e sl eep node approach of the present invention also provides 25
con5| der abl e fI eX| b| i ity and opt| m zat| on | n cormunl catl ons networ ks such

o " m AT~ 1 " .



1 4 MAC 2Q03 s station awakens from a | ower power sleep nibdeMAS 2003i gher
power sleep node may vary based on the current operating conditions and
conmruni cati ons between the nobile station and the core networks. The
present invention also provides a nethod of coordinating and synchroni zi ng
wake up time periods for plural core networks having s different nobile
station variable sl eep node paraneters. \Wile the present invention does
not elimnate the fact that there is a 4radeoff between battery saving and
Service qualityldelay, the variable sleep node capabilities of the present
i nvention pernut optimzation of that tradeoff in accordance with the

i ndi vi dual IV r r e

Stati on. & Bee R R R el B et e e RO TB R

f eat ures, aﬂdlraiﬂﬂﬁlﬁca@ﬂ§th9f:orhhet“nifl&%ﬁﬁcd nwmtypxemlwkdolw thogeregal eatdr bed in
conjunction with the draw ngs in which i is a diagramof an exanple

uni ver sal rRbBie moRile| seadieBnics- A & pumef(ceNs WB%ai?BhC%}\lﬁ‘ii @ fpcatien ‘HP‘?;SBPHS Vh&feht i on
may ba advapp ?Qt%%%h)!ct@&’ﬁjof?yae&ae heﬁw@kq c{ aﬁbnﬁ gg,?%ng #&é@&[r@ {4 g

| ocati on areas fthat n1nnb| mana enent and

pagi ng moqxeefurxﬁai,wllr'drga pnggnﬁssdgcagrsé\'mtd) tHeuﬁdbﬁlatsiaﬁgx mm“emml e types
of channel s used for communi cati ons hetween a base station and a nobil e

station; FiR§&ing channg! rgugsshag il thy &obHe SAdLHIntsieAstebbthment phaaanerlishng or
br oadcast I?vgigpglﬂ\g%m Pﬁvﬁe%rﬁ 36191%' tll@ce?lt \QﬁérQ it 1§?\ﬁ§4 10%5(@!1 e ~5) and

correspond rames ~W . IS a art di agram
illustrating exanpl e procedures erforrred by a base station to send a page
message to a nobi | e Istozder &or;the mo dcls)taqw to-Fpegive PFRIRgG m@sspchattmugvt@hart

i agram i | 1 4SAER | D9 SXARLS ot RSSHHE SO Rl B BB ROn 25 11

enters into-a new FUnct] dlagr

stationid n chgmel chasnSGiod the s;ﬂiﬁﬁic@)ﬁ@;ﬂ@h&s@@b@d& FEmigdd. tIh&leFﬂxﬂcﬂﬁlelﬂztdlcb Bvention;
s Fig. 8 is a flowhart diagramillustrating a nobile sleeplwake routine in

accor dance SRNtpRaly Pewersepad @WWH@F&“Héﬁh%‘ Regipg ewaml therpdht high; and Fig. 9
I's a diagr %Mbllﬁpﬁla{{[ Wl%détx&taﬁ&écnpa\ny H&nm,‘ the pJAgé h@WIﬁ'&lle stations are

normally battery operated, and batteries have a limited life before they must be
recharged. Continued monitoring of the paging channel therefore dramatically shortens

15 battery life.

Accordingly, it is desirable to eliminate or otherwise minimize battery
consumption where practical. The general idea is to place the mobile station 1nto a low
power consumption or “sleep” mode to save battery power when the mobile station
need not perform any necessary function. In order to make sure that it receives

20  important messages, the mobile station is periodically awakened from its sleep mode to
a higher power mode so that it can receive messages such as pages or send periodic
updates of its location via a common channel. The basic problem of optimizing the
sleep mode is a design tradeoff between a longer sleep mode which conserves the
mobile station battery power and a shorter sleep mode which provides greater

25 performance like faster call setup times or shorter data transfer delay in the downlink

direction towards the mobile station.



different nobile station activity levels with respect to %ng\mfgngnt core
network service nodes. to DETAI LED DESCRI PTI ON OF THE DRA I'n the

foll owi ng description, for purposes of explanation and not limtation,
specific details are set forth, such as particular enbodi nents, data fl ows,
signaling inplenentations, interfaces, techniques. etc. in order to provide
a thorough understandi ng of the present invention. However, it wll be
apparent to one skilled in ~5 the art $hat the present invention may be
practiced ~n ot her enbodi nents that depart fromthese specific details. For
exanple) the present invention is described in the exanple, non-limting
context of the Uniy ' T aaplay | i - 10 shown
in Fig. 1 and descri@‘gez\gggt})‘g]\?&e)}.ﬁ%}hﬁissﬁMi I g%@%ﬁiéﬁ%ﬁ%éﬁ#%ﬁéﬁ%

descri bed medetpgeaod el robbikrstativangiperianst thelsame beftesp besempeennldy usi ng GSM
and 20 UMIS tern.nol ogy, those skilled in t art .wi.l | appreciate that the
present i ﬁﬁ&ﬁ?fﬁ-mfﬁﬁ'%%épﬁfﬂ% éﬁgtgeggegﬁcagﬁ@&g@rleﬁpéqu tey BBWSW@[%W em In
ot her i nstaRGesiniéRkidh|ieknbiRs ambid bASShiaks Wet prefenchods, pRbMAASInd Nt er f aces)
devices, a.nd signaling techniques are onmtted so as not to obscure the
descri pt i cmufunidaEiony sesaer repwivasnaniso At wpuldh be deseralls sapgrmatersers lto vary th§R CnnJ 10
There is interrel.atjonshi tween the nobile .stati vari abl e sl eep
mode of -t HEBAEE R bR Paodiie R Braraai B s B A Phs Hehagerent whi ch
i ncl udes heglirdnRan! iNGrethed ah isightidRdwRa tHag: iD (PR @6 mobilkcdlatgcat i on
procedures allow networks to keep track of the nobile's |ocation nore or

| ess accuragtisity apch whergdhe mpbilpestaiogfpcationisknpwn ppky esptspileradentiapat am t he
case of an_j. i I i i i i o bring the
oot 1 o' s SRR AR 160, ine AR dsRENRL b AR MATARER AP 0T T

rapi dl yo prreMticely dmip\fixe@Sieepc@le. Hdveeved, $iif longerlpetad manbe agpsbpadie e ( VLR)
functions in GSM The pagi hg process includes sendi ng pagi ng nessages in

al | cel | s SESEVioseseBBINESheTadeigls. cbia sk thedvgd slged peradey e nesdto t he

| ocation GRSk e bdYet QeREiGaltnt Bidhest REHS Hodk A6HbE QR fnowl edge s
accurate, the[ pagf?%tggg s?};sae\t/\ﬁgl f&ggﬁfdgvsq?pglgpensg rrgsSagoes V\n(%l or#%ny transmt
over a snableraingale leasndelenl Thisetvwep tingh thelmobrtateliyn ay haeh Higist@ivity On t he
other hand, if the |l ocatjon cost is |Low and user |location information is
gener al oﬂe“qlﬁ’ﬁ%?,“hf’ﬁgeb&&pﬁé’ é%?%f%opﬁ’%ﬁ’é Wi‘ﬂﬁal%é%ealagtélep%‘ﬁioﬂd‘”he_ssages
W1 haye LQehS Fitipmshtb @AcPHbf e Wl ThAMSR: fridu8S§Wdk upt he | ocati on

nmet hod nost widely 1S inplenented in first and second generation cellular
syst ens nakescesseilpfonswpet limiteddratiery povAs) as shown in Fig. ~. Each |ocation
area includes plural base station cells. Location areas allow tracking of
nobi | e stations, Fe bl e i IS K Sl tem knows
the |l ocation ar eaw?lﬁ1sv%’?)gﬂ£%%[g?r§%%ﬁ%g%ﬁgaﬂgégf)g&,m coé‘;uegg&g "The different
servi ces ofldeprmeadieifor @imbBitd sticanbattntey be easedte nadyinenaix taiemiaudts famork bimi t ed
channel resources, the UMIS 10 uses different types of channel resources.
Sonme exanpi¢8T&PECShown in Fig. 3. Certain services such as speech services
require a dedi cated channel resource, e.g., a dedicated channel. O her
servi ces that tol erRisunwajdcadt e frbety i¥BstidnNb pHENRUL vaEiable Ylebp io@e a nor e
efficient cormon channel which is shared by nultiple users. The base
station aleere fhedaehilestatian indiaiesshe pimagriofthe vambleddaspinidgat i on i nf or mati on
over a broadcast control channel (BCCH)) and typically, one or nore paging
channel s (PCHL ... [{H fuMhdr ¥t SR8 pleSert RRENRATD Beb VRSO AGE e sRepODI | €
stations in the base sté]%{lhorn'% c!:'e}ﬁq Brea. S??[P?l ?Erther) a cgm‘rg random
access chamodd thitRAs)intb aceaupl dijfetninctinibields oft the mohde statidthe base station's
cell to request services and 1 b Mr? 3~ 11 transfer short bursts of

data. A Forward Ac S | EAEHE is.a.c n.c el . t he base
station to transm tcﬁzf‘aat@fl‘gpoﬁ% c%l p P |tfné’e%%§3fjgﬁogygih%m@§%le§ schedul es

the FAGH tmadesthhisskedinthiat@ant @obill stdidh @pératdPpridritics bad pefBencBet ter resource
utilization may be obtained by allocating resources




5 dependi ng on the anmount of data being transmtted, e.g.,1dep@Rdpad upon
the current activity level of the nobile station. Each different activity

| evel has a correspondi ng | ocati on nmanagenent situation. The following is
an exanpl e breakdown of possible activity levels: Activity level A1l
corresponds to a dedicated channel which is to typically used for very high
activity levels or delay intolerant services |like speech. The URAN 30
manages the setup of a dedicated dat a &hannel . The nobile's location is
obvi ously known in this situation. Activity |evel A2 corresponds to a
common channel shared by !s nmultiple nobile stations for what are typically
medi um t o nmedi um hilgk adutthey obypctl of Vel esekixiavqukies tafrovidemuariadt sleephannel s are
t he random access channel an .}he forward, access channel shown in Fig. ~.
The mobi | &GE L BIES R epy fiffesen; maptle ol pach A4 UREICPR P ihe URAN 30,
and the URAN-i3Rqdhedekms that connection. 20 Activity level A3 corresponds
to the activity on a paging channel which is enployed when a nobile
station's location_is known by the URAN 30 on a URAN Registration Area
(URA) basis, i.e.) It yat applapotiect obthe rosent inventiorale caprdimts yagiabledual cel |
evel . Ty RiGaN: BRI SLBNOSH SRSl Qlth BEEN Whlepdiius ACLTVI LY | evel A4
corresponds t0 activity on a pagi ng channel "nanaged by one of the core
networ k servi ce nodes because the ~ ~ ~aF Zaa3 12 URAN 30 has no

i nformati on about (e preserttinentiorf scdveswiEsé problesns iand miepts ithtise anyd ether, i . e. ,
there is n .current.ﬂconneg%jog" bet ween &re mobi |.e stqtion nd .t he URAN
30. Acti vi®PIFoP &Y ErovAling 8 medheg s qrerpRE AOBICHRUR (T hGTS 4 S HiRSP E SR B nobi | e
station | egabilk b rﬂég B¥Bp@AALY Atie@déRh&ifg SndirQbidte @bndifblsSeBfid ®IRONdi Ng
for exanple to a URA known only at the core networks. Thus, if there is a
connect i ornabile gfatipe's opgrhiierk Basedienerie afimnore oftbesgeconditines, Anybiiabde wake i on and

the URAN, the |location.of the bile .stati .S _kn nd.han d by the
URan, B PR VAR Setpelagh badd Rl et AT a0 ST L2 ana

t he nobi | Quicthatitalyiiedves b IBveIpPBvEEmSdeind@htess o IRgtRE boRer Wodtbyfogener al | y
known in a core network. It is quite inefficient, inflexible, and

i nconveni EXemple, lsincona prgeg| The niobjle slaueree prriablgevakn 4p pafsmicaliy Broddebmuodat es
vari ous i i I Vi dvitydevels A 1-A4.
For exangﬁgpk§ﬁ§§g&kgyﬁﬁ&%%éﬁa?%&Eg@%%5§§ﬁ%#?%3épg?§%%b¥g)(gorresponding to
a short wakmmipnicaycdseandhe@iteqwighthebaotidistadbh.e for nmediumhigh is activity
at level A2 when the nobile station is in an idle state at activity |evel

A4. In such a situagtion,. frequent high po wake. u o.listen to the
pagi ng'°channel sin3f§wﬁﬁ§féﬁﬂﬁ8"wﬂﬁf§€“§?&5%%%”@“ &?ﬁgéyﬂm?ﬁﬂiﬁresept

i nvent i on p&jilRGlasiok R BpérafibilifeWalle o tel vaBEHIS WeRPuEYEhReBPREPBE FarRBth | NSt ead
provi des a vari abl e sreep mode cycle which can be tailored to best serve
the 20 curpwanseriedus change cForeampplanbemobile staionaty onsrae 2tnlenl 688y Ther e
are many diLffereant Lo whi ch ri.abl e sl cle det er m ned;
t her ef or e?b‘{eﬁlsea{n? gl qe\gé?m%ﬁﬁh%‘éeﬁﬁé‘ “ilcguaréerp 8%1?}“%1%{ aeagg%ﬁﬁ%o.nefﬁ@y\/%{%%gbl e sleep
mode cycl ecfvigelgvdle Tief diffe@dnessifie) le @S hav® cerrépondiig) @iferentiléngthssdfeep node
par anmet er whose val ue can be cha%%ed as _necessary to vary the s|eep node

cycle ¥ . UmAReawrad/s spupr aefl enteanpier dovplinkdgi dbedetasied ah%lsé F6YiRke of
rranes, . ealludd AEHoBAY Inifhiite b CRIIRe AP Gera iR Cod i AP RABRAL AP iRCDEMTe 1S

"nmodul 0" neaning that a reachi ng the rame nurber, the frane
nunber i ng maskas wighihronmof thesdxegvionienels. Fig. 4 illustrates an exanpl e pagi ng

and broadcast channel ~ MAC 2003 13 having nunbered franes 0, 1) 2,

I
...y, M- 1) where LS the .nunber of franes i er ati.n cle. Inthis
exanpl e enbodi nent %Pﬁé%@f"?[h‘g}ﬂé‘a % g%acﬁg%’el%egPgﬂ}?t%&?ﬁr‘?}‘aupﬂ’ 'ﬁ% i nt eger
bet ween O \arighld waR@upparatbehewhifeds is@tR€ e drehferd aOWHRE &cembthiR | ar gest
possi bl e sl eep node cycle and preferably as a power of 2.
25  station wakes up for a higher activity level. For a lower current activity level, the
variable wake up parameter may be varied to decrease the frequency at which the

mobile station wakes up. If the condition is a service that is currently requested or



s During the sleep node cycle S, the nobile station enters 4a l!‘@ p@ r nmode
of operation which conserves battery power. At the end of a Sl gﬁ)‘ @gl e,
the nobile station wakes up and enters into a higher power node of
operation to performan operation such as listening for a page on the

pagi ng channel before going back to sleep. The nobile station nay need to
know what radio frequency to listen to if io nore than one frequency
carries a pagi ng channel, what pagi ng ¢hannel anong plural pagi ng channel s
if there are several in the cell to listen to, what frame to listen to, and
if the frames are divided into slots, what subslot the frane tn which to
listen forsubQgibBeBRhe AdbiloaMtoH, 1Sl RRbleRehkt Bf phrafaiketsie sivhrigegded) , the
pagi ng channel identification (if needed}, the frame nunber (F~, and the
frame subsinereasgitife freqigecy)at whichghemebids/stafiansvakes wr i ithegCuatenoserti¢tm i n bot h t he
nobil e station_a e N hased an_a. ' j such as the
nobi | e st a{eﬂ‘g 8 rf(?vﬁtW (ealﬁagalrfildgérbl\sa l%b%irf"gs glk%slﬁgﬂek)agr {hgggé]%bﬁ% ?Eeﬂfe MSI}. In any
event, oncgraferé@baticuhsy Yenaned ldedfiasdtht freqirhey dtiwiieh the hbfle asgomunbers in
whi ch the nobile station shoul d wake up corresponding to tines when it

ni ght pbssViiey up.eHdhgeervicingladessa maxigp Jeday Harmmess o yplke ofhe Hadiahle

fol | ow ng: = (F + ): I 1 Safl legoibEhd. 4

provi des an |elWptﬁéf%%f?d%v%&uttﬁFéswr?aé%g}eyﬁt}ﬁgﬁllcgl%m&?l%n\s\%ﬁie&g% SFIrn glr]res Wat F ,
F + S, F wakEShp without dxceeding thatByaxthamn gelag piramerear i abl e n, the nobile's

sl eep node cycl e changes, and the franme nunber Win which the nobile

station wakes up, ., to listen to a particular. pagin hannel , al so

vari es. Know ng th?%ﬁegt BVEIET a&ﬂcﬁ’e@ﬁg ac‘lﬁf’rrtgrxfpog‘é%lféﬂgr?ba%ﬁf%t he nobi |l e
2s st ati ondonkd}@aldRANIGHB: deRRf dnb Qs & Ms8lt BEMOIKr Hifdrity, (R NPRBR vl:&_e@i@d 20 can
readi |y determ ne when and how a page for the nobile station will be

t r ansmil® t eRRI4MER i ARPrORTtately varjedp Mereateatthorasiabls wake UDRAIMBET VA UNBBRWOT k
routi ne (bl,ock ~ Vi . d per f or med
by all bas%gosli[’(ea‘fa?%%gggeﬁldﬁgén%ﬁ% gfnp Oé‘?e & e%ruég&?ye‘}%%g%% [glr;ﬁ he core

net wor k wagistsont Fopagenpid)@ powbt dorcethaling A shdrtee 1itdRANe ¢seCEliongs srBp oyctier from a
core network service node to page the nobile station and al so receives the
subst ant i vePpERIispcorbakinglonggiditepigigeds e gpigmefs shgsir slegpgyelere nobi | e
station's variable sleep s paraneter value n (block 52). The specific

pagi ng channel, frape, ﬁh‘f’é‘H@c‘i efampl@&ﬁbéd’irﬂ&ﬁ oﬂh@_tprés@r&tih%ﬁbxﬁ,ﬁe e et erm ned
using the nobile station's I Msl (block 54). Using the nobile station's

vari ablie spfeRetpEs ameiiged th acchidard3ANH he foldeig: NS ses, WherenPhithe station's
variable sleep cycle S, e.g., S =2", and the wake up franes Wusing S
and the defurEAnREdhs wgiablg skepm prcle meagirgd for pampigasandineesRIWHST # (bl ock 56).
One to or gnie bORShest t 4| t he

sel ect ed pagi ng&gﬁgﬂﬁé@gnd sﬁsb{ﬁﬁ’g]tg Vggge‘r?{/%% ?&gnnté&ﬁlﬁg g?ﬂ&‘ﬁ?%ﬁgg‘i‘é&f&_ The
base st ati povedr moaly, andt 7 sresvariable iritegep.agesumssshgteha bage warnomambmpbi tinmes to
decrease the, probability that the nobile m sses the. e nessage due to
changi ng r 3 CBF}D&@M&‘@C‘HW&%QOSH%I!HI%“B%@W@ﬁkﬂh@é‘l‘fl&%%ﬁﬁ 88 nobil e
det ect ad t qBédcBSF MPYrdnllS. PROLAELG VL EraRel MOR hNeqRORS I rdfec¥lytdae RNC. 1
the core network does not receive a page response) It may repeat the paging
procedur e bwegeopowsnoé2t Thespecifinavagatp éameinimbéreWewhen e imobilastaperge

response, the bile is considered "detached"” (not reachahle). Typically,
transiti on%nqﬁrég%égé‘ﬁr ?%CWE‘BFB&"JQ e 1“&9%?@“%&%'%&@@ %lﬁff “20 descri bed
above are WL&}BQ%&JOOMQWHJ@ £8s #5fteRby.r adi 0 resources and accordingly are
initiated fro nd controlled by the URAN 30. On the other hand, the

setting and change of the variable sleep node period for the nobile station
i s determ ned by th&herdiable skeptriodaApiseschaif theipsesbaisevkntion e povedes | ke
battery resource optim.zation, desired performance, etc. There are a

vari ot 5 of Sqtyerepls Heastbifs oy o BB NSNS P oFkS SYE 8 F ar ont
activity | exerSeholialin B12NP 6 eabRBF B RbleGeftciks 2 B ieSIRbAag niRf AUl t sl eep
node cycle for all activity levels, but If the nobile statioh has the
ability tocafdspading ahablgeleemparirectst. ega result theytoheinteslal avhan thevadbyly
different default sleep node cycles may 14 MAR 2(?~3 |~ be stored in
both the nobile station and the URAN 30 for each activity level. In that
case, when the nobile station changes activity levels) a sleep node cycle
automatically changes. Further, the nobile station nay vary the sleep node
cycle within each activity |level. Thus) even though the sl eep node cycle
may be defined for each activity level) s e.g., a default value) the nobile
station can change that sleep node cycle in that activity |evel. Consider
the situation in vrhich a nobile enters a new cell (block 60) and the
exanpl e procedures followed outlirn:d in the flowhart in Fig. 6. The

o o, 4 o, Y " o, . o



(bl ock 64). A decision is made in bl ock 66 whether the nelw,cdhR 2883 ongs to
a group of cells/location area where the nobile is already registered. If
not, the nobile station t5 registers in a new group of cells with the URAN
30 and/ or one of the core networks) (block 68). Based on its current
activity ~"evel (e.g., activity levels A2-A4)) the nobile station may
determ ne its correspondi ng sl eep node paraneter value n for that acttnty
| evel (block 70). O course, if a dedic&ted channel is already established
bet ween the 20 nobile and the URAN 30) (e.g., activity level A 1)) the
nmobile station will not enter a sleep node. As nentioned above, at activity
level A2 Vmﬁﬁt%n%vﬁﬁ&is'fﬁbrﬁb%wé?fbowaﬁs[}be%%é‘dé%\%ig'h%% $fesp mbASmAP AN €
station is rel;istered in a single cell and is comunicating via a comon
channel . Thiased o e cumntgpemng@ndms mcmdnqacomﬁdgewmehmbbﬂte station
since its current IS for this,nobil.e stat s only

t r ansni ttedslgitk on gpd "OE%WHT hzhﬁgﬁes%ﬂvﬁﬂjof‘ﬁgo\%?(v 5”??‘5?{2%#

cal cul ated éd@fdlﬁdmgrm@k hﬁn@sﬁ%zwmempaﬁﬂ@;sa@amrwum cbmlewrk@hmngsl ef:p
node cycle formula S = 2" (blo and 1 4 hir F, c003 16 the wake
frame fof rruqhgemanelmlewm@p memmem mpdqmﬁrwew) usi ng an associ at ed
activity sleep node paraneter n(A2~ . In activity |level A3 where a nobile
station URAN connect e & pgas%nﬁﬂ%&uhﬁdm%k Qirth Ak i YabShi@rste  ed in a

| ocation area, an associ at activity sleep node 5 paraneter n~A3~ is

enpl oyed totrdkbﬁfrbnmaenSamasan dnidiservimeARality/dela3ke vamabll skep bwdehanged on

thelnltlatlve f t nobi |l e. station at any tinme, e.qg. e sle node
b anrot er - iApABtES A CuTaRenE v pion pemt BRI REL Ui Hidselr S 4G RO Sl o 1 a
procedures v’éfn@ ﬂﬁ'n%vﬁﬁﬂ%bﬁ&hvé&%hfbl— EdhdptioRb Bf Mmﬁ&?ar‘d@eﬁrﬂ@b&t&ﬁ%nex anpl e,

t he sl eep node paraneter h may differ to dependi ng upon the nobile
station's current activity level. In addition, there may be other
procedures enpl oyed to [ <'C o HPE I, Vi f the nobile

st ati on Pndependent of 4218 0TI e formal i zed

activity level structure, e.g., activity | evel s A 1-A4. In fact, a variety

of other factors canygl.sq, PEneMpaue ol oIStk BEuRRPLORh AhGoR | eep

node p~~raneter that op |n12es e clrcuns curren
situation. Wiknst bedesomistel ipaogumiten withythdérawaigs adwhialsed on a service
currently requested or subscribed by the nobile station. For services
requiring a | ower de

to be decreased. Con%/1 Eéslayh 1a¥r§r§1' gbl G agxlé‘ﬁ E’B‘é?ff‘lfggj%il%g? ?’8?6 Sryéﬁléglsngyhpgﬁgr

dei :ay) theUMTEahl vhivide piRe@ifleatiPRmaiel /ivafayeodsly Bepidyed,eased to
decrease the frequency at which the nobile station wakes up thereby
Conser VLR PALLeTY PRUL s oGOty o0 ekt 55 R n T A EBHES! 2

station location management and paging procedures;

Fig. 3 is a diagram illustrating various example types of channels used for

communications between a base station and a mobile station;

Fig. 4 is a diagram illustrating a format of a framed paging or broadcast

20  channel showing a mobile station’s sleep cycle (S) and corresponding wake up frames
(W);

Fig. 5 is a flowchart diagram illustrating example procedures performed

by a base station to send a page message to a mobile station;
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the val ue of the variable wake up cycl e paraneter should ndtL$@F§ﬁ%§eased
so nmuch that the resulting sleep cycle exceeds that maxi num del ay
paranmeter. In addition) there may be s~~ecif ¢ inputs provided directly by
a user of the 2s nobile station prioritizing battery conservation or
shorter delay. If the user prioritizes battery conservation, the variable
wake up cycle paraneter nay be increased to decrease 1 b MA4;, 2003 17 the
frequency at which the nobile station Wakes up. Conversely, if the user
desires shorter delay and nore rapid response, the variable sleep cycle
paranmeter may be decreased to increase the frequency with which the nobile
station wakes up ul Figrated Howatt didghsm ilseRipteRhmeRIproce@irdPpdriommsed S Yet
anot her variable m ght be the type of power source currently powering the
mobi | e st aby amobile stathen gpoberiters yitae pow clb on battery power) then the

vari abl e wake up cycle paranmeter mght be increased to save the battery. On
the other hand, |f £he7qDPhheic cibdiiadiim oPTRRBAE LibiloraUel Rl QA an

el ectrical outlet, then the user can cause the variable wake up cycle

par anet er osgexampiteanissisecht of the prgsenenvendorser vation io is | ess of an issue.
Different types of batteries, one having a short |ife and one having a

| onger Life, provide. si,m ossibilities for differen f wake up
cycle pér aneters. Re{‘gérelsngég&?@aﬁé%%r %‘B”HS‘ST?“’PF& é‘%{? Sger%gé\vsa\égl—olrégﬁ?ﬁ’e station
36 in funchierddatowkh beexmiple dhiSodimbitlof iktpadse@nvenabald@s transcei vi ng
circuitry 92 and other circuitry is (not shown) for perform ng typical

functions of a nobile station. In ac ance wWith an_exanpl e inplenentation
of the present inveLﬁtg'gr\%a?‘ﬁ%‘ ﬂfeeﬁg{&siyﬁﬁm\r%?w%}"g%gi %{I‘l%t‘(b‘ég a data
activity deifeedi®moBfle WaiGHacHOPRYS WR (E8pEd 8w d-E¥elenPéorddiiviid rvide t he
nobil e station. For exanple) the data activity detector 90 nay detect the
aver age paokdss. arrival time neasured over a given period of tinme. The |evel
of data activity is provided to a sleep zo cycle controller 96 which
determ nes the value of the variable sleep node paraneter n . For exanple,
the slegp cycle contrgkrhai £ PRYCREPEOIN OF RAWING@gPari son of the
currently detected acTiVvity t0 one or nore tnresnolds. For higher |evels of
activity) the sleep node paranmeter n would have a | ower val ue and vice
versa. Data activityn tRyoltdving bacagions fe uipass df explil€on bmEn®i nce the | ast

data transfer as conpared to volune. If 25 that tinme exceeds a particular
t hr eshol d, limi@HRoR gRecaficedgniligifesehiortinBicB As BHHCWY qrioldapgdata flgws, VAR 2003
is The nobig | : ' Audleh P& 45888 § agE 24 Whi ch
permits a %E?l%qg?%ﬁegﬁngéssé%#%%ﬁgegtﬁmggs|' re %ﬁeor i;%rlgels sucﬁO S battery
conser vat i andastarstivgy ¢f thepregendalventionT Hesevempwi b bangpapmow ahedkilled irhe sl eep
cycle cqntrolle& 96 and to conmuni cations iervice gg&troller The sl eep

cycl e cbnt M FEhatghe Pressyt BurFRiondnay b Ryprbiced g 0ihen FRDQYIIER'S (R HeR3Ly amet er

val ue if DafdnPih¥seGROSRE YAANO Fol SxaRipIQ thd fré@fh iRlenfioh QMREcrRE Utk Short
setup delay is prioritized. A power type detector 102 provides an input to

sl eep cycl exapplemontlmmitigs canitgxe hf tha dingversas Mohide Telpepnphupeanens Systanent | y
powering t i,he, station 36., .The,sleep cycle | ect or 96 may change the
Dartabre sy FasvRinife b pirtent 268a Xfis wi G uRertintRalofl: ect e

1o A comumiesoRibe®MIhé EdntdxE 6f 0dxhmdle! @NukPRIepRsiRInéBFork NRHE &SM & t he user
when establ ishing new services, and stores data relating the current

ser vi cefos) UMES termimolegyl Gipsesbileg imie @eisviil appreciete tha ghegiresspt ippridioBont r ol | er
regarding t i | I for _t.h [ RASE: Qf SuUr i that the

sl eep Cyc|gggggﬁﬁ%$§$ﬁggpﬁﬁ?géﬂﬁgﬁﬁﬁﬁﬁ?%ggﬁgpﬁgBﬁﬁﬁﬁ£§%§¥’#?*ngeats t he
maxi mum deldayeriplibi@vst velicinoan pdstidde UhREfass | devives, hhd figAARgt@Unighesatbscr i bed
by the nobile station. The comuni cations service controller 100 considers
all of the UGS PosigIobEquraibedeserptioreaf thipresgat i@y eRtioasvitl YERISHEMRY del ay
that can beygtlerated to properly provide those services. The value of the
maxi mum del'ay may linmt the value of n, for exanple, in accordance with the
following: n = hVT' (2 log ~max delay / duration of a franme) . 20 The sl eep
cycle controller 96 stores the sleep cycle paraneters determ ned for the
nobil e station currently as well as for various activity levels, (e.qg.,
A2-A4), and provides the current sleep node paraneter n to the transceiving
circuitry 92 for transm ssion to the URAN so that the URAN and core
networks can utilize the variable sleep node paraneter value along with the
nobile's INISI to determ ne the appropriate 25 tinme and nmanner to page the
nobi l e station. This information nay al so be stored) for exanple) in the
M5C/ VRL or ot her central database. Based on the current values for n, S
and W, the sleep cycle controller 96 controls the power provided to the
transcei vi ng 1 ~ Mdr; 20J3 19 circuitry 92 and other nobile station

v - N o o o B - o




A Mobil e Sl eep/ Wake routine (block 200) is described in Fi'g., 8ARI pingi ally)
s the nobile station may determ ne the current data activity as well as the
established activity level (e.g., Al-A4) and fromthis information
determ ne whether the current activity is above or below a threshold (bl ock
202 and labeled as step ( 1 )). The nobile station nmay al so receive inputs
froma user such as priontizing batterg savings or prioritizing short
service delay (block 204 and | abel ed atdstep (2)). The nobile nay to al so
determ ne the various maxi mum del ay requirenents of one or nore services
requested or subscribed by the subscriber (block 206 and | abel ed as step
(3)). The nobil e st ghérens dninicheratiomhipdatessnitnembiiz samor fvasailk Sieepand/ or type
(block 208 and | abel ed as step (4)). The npbile station may al so determ ne
simlar i nPodent the gresens ineRbersandgnebilstsgsion toppuqnamanagement whigh ipglpdesnet wor k
service no i1 f.. I tation i u hi i fromplura
core networks l(%cf)if]{))rgﬁp%g}f fﬁag%{#ﬂ:ﬁﬁegﬁrseg a?‘?cg'r%bét?lﬁg%b%zﬁ%% Saa'(tﬁgg the variabl e
sl eep nodengabiRrd REeprack b the abiip’ sdycution fore diels hévaraeli én ordedfwodaes W f or
each core network using the formulas descri bed above) taking intg account

t he i nf ér maklE ehfighing aradije statiohi@ the cayp pban Heonipg syl (Lqcation weiSHaRAMYs uned f or
each core 1 : s at | .Of 1 he wake
o frames WatetaPHRERE bl e TR et aleaor A M U RES

net wor ks ( i mpidly2drdyide bdrvicss, algs thedesiinglocsionoegiomidn (ELR) funensis@ep cycl e of
t he nDbiIeggﬁittgn based on various factors far Iur%I(%Pr% net wor ks.
Referring ‘hENCBASHAS REOLESS ISHAIGRSEPNE-PREneMesSpges bt $2Is SIS 18R i s

regi st er ed ipfibshih SRIEHBLAC KRR e CiE HRABGAor-Bostfihi ALY ik SefideOr ©
ccrrespondi ng sl eep node paraneter values nl and n2 for this nobile 2s
stati onio Thet thelsdrdostian koowledm: iHRANES) tial meing costewilhslewspagipg mode
paranmeter values nl and n2 . The sl| de r amet val ues may be agreed
Upon by t heeRBET ALY Feimi ek el e @ gal R VHEIRDERS Bl

regi st er ed el NOh it ot8Q HRNMEE MR TdeatidiNEosPRNGIBIEEseVREMHRS iMMn&lonqs be
associated with the subscription of the nobile 1 ~ Mp,p, 2d03 20

subscri ber gentgalor Ofuazy,T the phgingtRtsaywd! kerhigh Wichnse arging messagesvolblibaee ©t at i on.
When roam t he bile regi,ster., W,th or. wthout changi ng the

par amet or A IERETIGT oer & Wi pler” REGSE, [ Toegbon Ien e ZUSHY B er

paranet gr vaple@enttd Hfidkh@dekebnlVipehcrhRntRlltlaesyhems Makés\isRof chtbnargkef erred
enbodi ment, the sleep cycle and wake up franes for the two core network
servi ce nodleds)as éh%’%@f%brﬁ- Ziagh lospdenareasinedesyphuphops saangislst he nobil e
station ma i.nat el ke . - en i ry.J.n er to
satisfy t héo%{gﬁ@% gﬁ%v\vl\v\gﬁ%ﬁl Oftqlgépgle]g Ea%xﬁgsév&%@g@o%%@éfa@af(é&t &38\?& bot h of
the core nétdeskem Gowshhioltahiatn ifmhidhahambbieMetbchydusi ng the nobile's

| MSI and the sane to algorithmto decide all paraneters except the sleep

node cycle and by definin he..sl e node cle ower of . .. Fig. 9
i |l ust )r/at es an eian%egaué‘? gfi%8&?%?‘?@8?"‘53%%%?%?’@%%%ngﬁ? Cgf‘%ft’ie\é,\@ﬂf n tg he
cor e nefonoidémaiels \bh Gienifed d8Snnd Predilced Othé RIDE | MGkel Riferdablyipes & dhbhral . the
nobile station's cell, URA, or |ocation area, and correspondi ng variabl e
sl eep par afgsOBIcesn | Sope exgmples areshowh insFigxE nfptrajn seRacogRapl BOPPICBYi des an
establ i she 10 2t wee hile stati,. d e = shitched
service nog%&%){]‘%%%e %%,Cﬂ?&a@ er 'frﬁ%l%gt’ﬁgjteglgélsc?%ean%%dg%!%%gﬁgl es the
mobi | ity ofthat kdertite vatigbls i@dy M. thrbaghpe adrentilinea Mokd dfficiehiedon®ion dhlagneser vi ce

node 20 does not need to use a paging procedure, and instead enploys the
al ready est"uth is pagedcBmuelsplesers. ih% g@e SIRAGE Hep rapity EariMs oy erbepdagd

connection :kS..kdent i fd ! f " e . URAN
referen%g 6§?HF§EQ@‘ﬁ%ﬁgﬁﬁéPﬂmégﬁﬁg%%ﬁéﬁﬁﬁg?ﬁ%@ﬁaﬁﬁgﬂgéégﬁ Eﬁldgﬁbo and

t he RNC 32 or hwte pagingrohanielsf (BCHL he PCBIV |) ere veedyo serdipaBlughn@sayee el motile a
TCP-connection) an ATM connection) etc. The nobile station 36 al so stores
its | MBI, iStEORSiptheRasegntion’ s ol asea. il fypthari asprypenrandgry a¢qses GPaRICAbl e sl eep
node para g g i 8 and

20, The. cur e & FmABEILs shdifle siRoheR itk D S o e 20 e
circuit-switched services node 18 happens to be relatively low ' ~ 4 MAR
2003 21 corresponding to activity |level A4. Accordingly, the URAN 30 ~s
unaware of the nobile's connection with node 18, or the variable sl eep
paranmeter n 1. On the other hand, the activity |level of the nobile station
36 with respect to the packet-sw tched services node 20 is relatively high,
and a connection exists corresponding to activity 5 |l evel A2. Because a
connection currently exists for the packet-sw tched services node 20) the
URAN 30 knows the nobile's IMSI, its current cell, and the variable sleep
paranmeter n2 corresponding to the packet-sw tched services node 20. By

_____ Y S r



to W= (F + k2"i ~ nodulo a~l , if nl < n2, and W= CF +U¢¥‘Wﬁa lo N
, i1f n2 <nl , where kis an integer and Mis the |argest possible Trane
nunber. By defining S and Was a power of two, the wake up instant Wis
synchroni zed so that by waking up for the shortest sleep node cycle

requi red by one of the core network sernte nodes, the nobile al so
periodically wakes up on the |onger sleep node cycle required by the other
core network service node. For exanpl ellbecause for the short sleep cycle
the nobile wakes up at F) F+ 2, F-,- .1, F+6, F+8, ... and for the

| onger sleep cycle the nobile wakes up at F, F + 4, F+8, ... , the tw
cycl es are yaniedhoRi vttt of ks , A FHRvaY@AL@B €hamhQQPATIHEs PEQHER ehdiell hE
present invention allows flexible and sel ective tradeoff between battery
savi ngs andsekbythe basgitationyo rinsmitcdatn thenudéple mabdostatianshyhe FRAMNBP | e st ati on
itself, by th r t he networ k. as..peces 4t 1S also possible to
vary the nﬁ%ri‘ﬁ%gfég&se I Pgé%ﬁiffoaasemésﬁ}%rf gm sofof ﬁl r?:rclnf m?@'i%%ﬁnsqngt ent with different
radio resource activity levels which are controlled by the URAN. Stil
further, the vari ablBetst eequrcaailzaddd maysbeobnamird by adloedtingrredonrces f i ci ent |y
listen for jndependent page nessages fromdjfferent core network nodes

whi | e st | |depedmaAnge alameréro&d%ta@?lﬁgga’éﬁ\meqv f-824eRaREINEORR G YHCRY eep node
peri ods for,.t; I r i £ .vidOhi | tQn has been
escr i bed 1o B B e e R ot
practical dechtipn efapzgeenesituaaiomerite, following istap esample breaddiiRo BB sibR2
understood that the invention is not limted to the disclosed enbodi nent)
but on the CBAPHEYSS is intended to cover various modifications and

equi val ent arrangenents included within the spirit and scope of the

appended cl ai mBe  Activity MhelA | &ereSpohds Widedlcae@leMMEDVhiSh isl. A met hod of
operating a battery-powered nobile radio that communi cates over a

comuni Eat i ons chéamiaily usedsdar vary hizbaadaly layes adalaymtelstasd in a series of
I1~1 repeating fr@%@ﬁesﬁﬂﬂﬁé&%iﬁ%étﬂﬁ&ﬁ%ﬁ%ﬂh s@m%@&h%@%e sleep cycle S
adi a

when the nobile r O 1S 1 [ ower "power consunptlon node, where S = 2"
and a vari abl e sl degicaredig¢atpetiaan®lt dhe hoble'albochiidncgebvindpnorad e 1S vari ably
determ ned by the nobile radio, and deterrriin.irig a wale up tinme Wwhen
the nobile radi o MEa¥8EIPHe | ower power consunption sleep cycle and enters
a hi gher power awake node, w here

* Activity level A2 corresponds to a common channel shared by
15 rultiple mobile stations for what are typically medium to medium-
high activity levels. Examples of commen data channels are the
random access channel and the forward access channel shown 1n
Fig. 3. The mobile station’s position is known at a specific cell by

the URAN 30, and the URAN 30 handles that connection.

20 ¢ Activity level A3 corresponds to the activity on a paging channel
which is employed when a mobile station’s location is known by the
URAN 30 on a URAN Registration Area (URA) basis, i.e., ata
group of cells rather than at an individual ceil level. Typically,

paging channels have low activity.

25 * Activity level A4 corresponds to activity on a paging channel

managed by one of the core network service nodes because the



W= ~kS) nodulo :~l andk is an integer. 2. The nethod in clilm{aR 28drein w
is determned further in accordance with W= (F + kS) nodulo NI , where F
is a frame nunber of the comuni cations channel selected based on an
identifier associated with the nobile station. 3. The method in claiml,
further conprising: providing the nobile station's variable sleep node
paraneter n to the network to permt coordi nated comuni cations with the
nobile station. 4. The nethod in claim12 further conprising: detecting a
change in one or nore conditions, and varying the value of the variable

sl eep node paraneter n in response to the change. 5. The nethod in claim1,
further conprisi ngyURIEY8DIHAL fb MFdmaliéh MBLUEe Meatdieorwahbmfelsenidheep node
parameter n in accordance with one or nore of the follow ng: a vol une of
data per unit timeinidistaietitcedherdisap chirenh “cénmeehsii’ betwsemtheorgbilan activity

| evel of the nobile stati ocat t he bile station,
a type of radio ch3RR a%&)@gm S\Ag%{hw%'gfévregf\a(gﬂn%fp?n gvﬁ%'go‘f'e station, a
service currently papugsiee Gk nﬁ»@b@gam&ﬂdcd@wnﬁmOmmnlyeatatmtoeon and a
power input associated with the nobile station. ~ << ", 2003 24 6.
Appar at us® for comarsuRAf el wewoadxeg)fﬁmﬁmdwcowwlmm onlyatwhi ch messages
are communi cated i Hug%o?eeﬁéﬁgrk?f ~Yl repeating frames, conprising: circuitry
for transmtting and Teceiving data, and a sleep cycI e controller

configured to determ ne a variable sleep cycle S when the nobile radio is
t o operat e iThug if therris poumrecti@ns anher upimknedie wniitler- detS/een He ractdleataiani abl e

sl eep node par er whose value is varia d ned,
and to det erif MK@B ‘bcaf‘P ﬁhftf’fé‘mrff)k‘i’qw ?"é?&aBdIFggXé@%ﬁ%m ower
power consungy m@@&%%ﬁ Gv}iErl ﬁxeﬁ:riﬂné &nqe&roatb@meen ﬁxehﬁl@A"ﬁ&nB%o@l@ake node,
where W= (kS) nodul oM where is an integer. 7. The apparatus 1n claimb§6,

wher ei n W i statien.ghgrinabide $tum¢mhocau¢na&:@tb}' ghmcaély\knoxhn WacqréEneiwiosk.) nodul oM
where F is a franme nunmber of the communi cati ons channel sel ected based on

an i denti fier associ gt gdhutt Lt THALNS, SHAEORonfln: TE, 2RBRLEL R 0 ol ai m

6, further conprising: ector ‘con dred ect a change in one or
nore condi t isteas modk eraebprihily &t@mpodys|varicanhstalelseion actdayflevglirsach 40 vary
the value of the variable sl eep node paraneter n in res onse to the change.
9. Tlle appdfeadaddity lpvels £t s, F?Wfﬂﬁe&e @@ﬁm%med@o hays s dEREPEIWep cycle

control | er 'cBrrEsg)BﬁéhH te8 s ‘Pugﬁ&%h%&@w%l&ﬁ rx\ﬁgjkt%t%ﬁguz}btcl){ﬁoﬁ?eﬁlﬁphﬁhs' eep node

paranmeter n in ccor ance wt e’"or nore W ng: a“°vol une of

dat a per 1uniactitiiyna ldvebA2 milich ¢dt thabilo stafiooinit heidiobatk et Btiaity tmdz%m Iactivity

| evel of the bi.l e st?tlon a._procedure used to |locate the station,
I

a type of ralf A U afier regg%g}ggtpggew D &7 LSRRt PasHS %U?n?é‘ Btion, a

ser~~i ce curgRptthymbbigsigss Qiiegubscri bed by the nobile station, and a
power input associated with the robile station. 10. In a cellular

t el econmuni cati ons systemin which a battery-powered nmobil e
e present mnvention rejects the rigidity of a fixed sleep cycle approach
and instead provides a variable sleep mode cycle which can be tailored to best serve the
20  current needs and circumstances of the mobile station/user. There are many different
ways in which a variable sleep cycle may be determined; therefore, the following

method is merely an example. The variable sleep mode cycle S may be defined as

follows: S=2", where n is a sleep mode parameter whose value can be changed as

necessary to vary the sleep mode cycle §. Typically, paging channels are divided into a
25  series of frames, each frame having a frame number. The frame numbering scheme is

“modulo” meaning that after reaching the last frame number, the frame numbering

restarts from the beginning. Fig. 4 illustrates an example paging and broadcast channel



station communi cates with a network, a nethod of operating tg?‘ gﬁ?i@
station conprising: detecting one or nore conditions relating™t h ﬁbbi | e
station's operation; 1 () i"i~",~ 2003 25 based on the detected
condition, determning a variable wake up paraneter value used to establish
times when the nobile station automatically |eaves a | ower power node and
enters a higher power node; and waking up at the established tines, wherein
the one or nmore conditions includes a ¥lunme of data per unit tine
transmtted to or fromthe nobile station so that for a higher volunme, the
vari abl e wake up paraneter value is varied to increase the frequency at

whi ch the pmbid rﬁ:nﬁjtefetd'%é’é@%??.’zﬁﬂ’MQIl,f\ﬂfereaM—?sWﬁé niRbd BB frabnBEinMA | @bl e w
ake up paraneter value Is varied to decrease the frequency at which the
nmobi | e st atepemingakds lpthiskkampleemedinedt, ithei vachtde sledOmodeypardmegterc orfpini si ng:

providing the nobile station's varjahle ke, u araneter tg the network to
pernmit coofHiFaEe Y Mdcataedds %a 9}9“{% Sﬁ%ﬁ@?&?f%ﬂlin%?te largest et hod
inclaim1Q, fur r ¢ iing. detecti nge in one or nore

condi ti ons?dsgffr?% S@%ﬁﬁor%%?ﬁg a{]/‘gPrﬁeer%b?y %%Je]govvgerr%gg'l e wake up paraneter in

response to the change. 13. The nethod in claim 12, wherein the nobile
stati onsmay oper at eDatingtharskkp actle vydey S|, the atabjle atationdeere h tow hewetet ect ed

change includes.the nobile station operating at a different one of the
ol ural act F9RE §f JRETAIPE whidh coppsvss Rt PPHETC Pt o O AEEPRFYIERE et ect ed
change i ncldg@sschli WS _hg ahddtdr@ &9 hEhENRREL moble b \GpeRitiBn & R an
conditions while the nobile station is operating in only one of the

activity | epesdtion siéh asTiiseening flooa page azl thé pagig chaniel bifaretgoemednek tor sleepr e
conditions also includes a service currently requested or subscribed by the

mobi | e station so t’[‘[‘f’i‘é mfogﬁe Garto théy Veed t MlowFwhdt Hdid fr ggcgl 13\fsfe ‘?(flfay’ a
range of the variable wake up paraneter value 1s v ap uch that a | ower
limt ab tmerd thagoeneaquaticywdairiel atphgingohdnhel, shatpaging vhanas! ampnigphiraicr eased,

or for a current service permtting a hjigher delay, the range of the

vari abl e wAkargghapaalniithess a’\?éﬂ?éali‘%“\‘?éf?'ilgﬂ“%"d‘c‘ﬁ’ Yisaframe e bHer o (i i of the
frequency { t ] L t.at | =~ M~ ~
Lt 13 26 150 HHes e ROEPIG o P SR e h SHR5E BRSE b e %1 o

al so i ncl ubas way detcdacting phet fréquenvy dif msetedp thetfagingohannel idemificomors@ chat for a

| ower del ay, the variable wazF up,paraneter value s varied to increase the
frequency g?e‘jﬁﬂiﬁ@ﬁ%faﬁl? qyEer eé@a? B‘GﬁrWégsmﬁf %?@b&s QCHPGKEr del ay, the
vari abl e \Up bar.anet rvIueisvrie%t e the freqguency at
whi ch t' em@r%%ﬁulng_af;fg We%é}kg‘gﬁt? .ﬂe i‘?&onﬁ{‘ ‘ﬁ&eﬂ@ggﬁ%%%ﬁdﬁnn% él?lﬂwher ein the
one or nor fle6@fétishiéPRIhEMSBild ik IAtEHtetnBOWE Mt ISP TibaIUEn o MMBIYS er  of
the nobile_ station so that for greater power savings, _

In any event, once an absolute frame number F is determuned, the frame numbers in

which the mobile station should wake up corresponding to times when it might possibly

receive a page is determined in accordance with the following: W =(F + S) modulo M ,

20 where k is an integer. Fig. 4 provides an illustration of this relationship with wake up

frames W at F, F+S, F+285,..., F + kS. By changing the variable 7, the mobile’s

sleep mode cycle changes, and the frame number W in which the mobile station wakes

up, e.g., to listen to a particular paging channel, also varies.

Knowing the mobile’s IMSI and the current value of “n,”the mobile
25  station, the URAN 30, and the core network service nodes 18 and 20 can readily
determine when and how a page for the mobile station will be transmitted from one (or

more) base stations in the URAN 30. A Network routine (block 50) provides example



the variabl e wake up paraneter value is varied to decrease thkif MaRUZDIBY at
whi ch the nobile station wakes up, or for decreased call setup delay, the
vari abl e wake up paraneter value is varied to increase the frequency at

whi ch the nobile station wakes up. 18. The method in claim 10, wherein the
one or nore conditions includes the type of power source currently powering
the nobile station so that for a power source having a shorter life, the
vari abl e wake up cycle paraneter is varlted to increase the cycle, or for a
power source having a longer life, the variable wake up cycle paraneter is
varied to decrease the cycle. 19. The nmethod in claim 10, wherein the one
Or nore Ccongtbéddonrs pfdraicdsvytal] batd sttfoanin the Retbares wisee e WJRAON30@rt he
nobil e stations or different types of radi o channels associated with the
operation ohe £ nRHOFK @agis 4e pagh thexpodilpigatiop RbiURANIeas ves#0 ordindiont & t he

vari able w anet h&vdsalh Btive> = 2"
where S is &E@e t1!(§lﬁ(r)r§tas:éon o’?{de%\/ﬁ% gﬁﬁ ogli%esgﬁbgy%ﬁalﬁ)vﬁenvts eé grr}tg%'?l %V station
is in the |mgeg npavege, thddebie staton’s MBI, kmnd ﬁgmobileﬂxaudlfhevmmbm&epn cl ai m 20,
wherein the base station and nobile statlon conmunj cate u

in
conmuni cht | RS 1 §710Fkawar The Spesl 'rcé’ﬁé‘élgFW@“EIe Brah ewmBEr £\ 5 L% r apes, and
where n = i ng make up
frames (V\)Orv\#e sigt (opuoqgﬁrezgg{i %{%%r%n%d;#qel{ sﬁ% gB‘i 6%1 %ggdm%ﬁ%%%%e&z n

accor dance mmgmm eobiile Istation’ nganame=sl(dp$)1rammhnlmltne I\mANehkn degerannas lieeger . 1
4 M-.~" 2~~3 27 22. The nethod in claim 20, wherein the base station and
mobi | e st atmwlmﬁl"@aﬂ@eﬁgﬁm@m& éomruﬁl—c?at-|ﬂ@¢1@e&?§ﬁﬁélfmme$/l“ﬂé‘ﬁl"8 nto a

o per " oS M e ot R gral O 8 ?Vraﬁfé**qf?wmﬁs MRl SEPIRRL i on

enters thie fighen, Rk %)n&?gl%nh Rgrtﬁé‘ﬁ%@ e bRifhe s&%&t@&’h&%nel = (F + kS~

nodul oM where F I's a frane nu n| cations c sel ected
based on amhadmhhndsletratas&wfﬂambmdmbextw (Him:kmﬁbl le station. 23. For use in a
cellular tel ecomunications systemin which nobile st ations comuni cate

W th a network, appatd ?a%e btgttr;g)r(sgsnllrrgbe ansrgxﬁ eecgg meg) églﬁl v%gnxtngbéjr otfect one

or nore condltlons re raflon a controller

configured fifestoidedrbiseehedprobabilaptift e lsobilp n@s%éﬁqﬂeb@ge ki dusesl to
establish tines when the nobile station automatically | eaves a | ower power

node and enthapgingragigypresell sendivionsp depaga sesgowsa fHopethe aagsdirabile dalgred on; and
wh he Lt ' | t ot
erein,rhe ?‘@P%’%F g?gnﬁ% ﬁ&@ﬂ% wioﬁgér Séogﬂalg S3heRNE! Wike 9£re ﬂ&%rlp%es%ﬂt I me

transm t1ed so that for her volume, the
control | er ﬂeSelwﬂf)a@UE@dniwnVraﬂyy“piebﬁhv@zlig'na@;brecedﬁi’eebnﬂrmr p@r@uﬂfatser val ue to
increase the frequency at which the nobile station . of, for a |ower
vol une, the li‘,fé‘?ﬂﬂtebllﬁ@im 1§ SO RAGE FEROTSE Wampbilsis cous V?é‘lﬁil € "{®tpar anet er
val ue to deghgasg).the frequency at which the nobile station wakes up. 2~
The apparatus i n cI aun 23, wherein the controller is configured to provide

Typically, transitions between the various activity levels such as A1-A4
20  described above are performed to optimize use of radio resources and accordingly are
initiated from and controlled by the URAN 30. On the other hand, the setting and
change of the variable sleep mode period for the mobile station is determined by the
mobile station/user and is based on factors like battery resource optimization, desired
performance, etc. There are a variety of ways to relate variable sleep mode cycles to
25  different activity levels. For example, the mobile station may employ a default sleep
mode cycle for all activity levels, but if the mobile station has the ability to effect a

change in the sleep mode cycle. Alternatively, different default sleep mode cycles may



coordi nated conmuni cations with the nobile station. 25. T atus in
claim 23, wherein the detector is configured to detect a ch tinge in one or
nore conditions, and to vary the value of the van able wake up paraneter in
response to the change. ~| ~.~~ ~~ 28 26. The apparatus in claim 23,
wherein the nobile station nay operate at plural activity levels, and
wherein the detected change includes tlle nobile station operating at a
different one of the plural activity levels. 27. The apparatus in claim 23,
wherein the one or nore conditions also includes a delay input froma user
of the molyelseyrad ﬁtuomhé%bh@hawmﬂthé)mmm RY each@i GQNESQ! LPthai S
configured to vary the variabl e wake up paraneter valuée to i ncrease the

f requency case, wihee Hetnhabilestatibe clanges astivinaleeels, @pleepmodocyde hitgmatcatlgl ay, t he

controller,is co var t he varjabl e wake u ranmeter .value to
decrease tRAEF eg?félﬁéﬁ%lfno HE"yn’baH |h8 g’f%{nlog C)(Xgek‘g if achAgtivigy o
appar at us jevel CRiseved, md&gﬁm sﬂeebhﬁ)déﬂ:‘?cl@ imayBE GeferRadbit da@ﬁﬁctmns;qeuencl udes a
power savings input froma user of the nobile station so that for greater

power savieagysd dafst wde thelmehilejstationpdn ¢hangedhatsleppmpde pecle ythatacevilake up

par anet er ya alue to decrease the frequency at which the nobile station wakes
up, or for d%creased call setup delay, the controller is configured to vary
the variabl e wake up paranmeter value to increase the frequency at ahich the
nobi | e station wakeSonsjer B8 sitddtien apphichthusobile etb@iame23ellblecle60) antie one or

nore conditions includes g of diff procedur dt Iocate t he

nobi | e st 47§ SHEBY PIgFRIvES fB‘?‘i’“feé’roé‘H’c“‘g E@ﬂ@fvc?f’éﬁ‘l”f %ﬁarsﬁ"@ §§§@EP%& ed with
the oper atftefs thd'Grof®Ri: (6 &hé}tcb%m%hanm%aamaé@s &e'uasecétﬁio%@ wherein
vari able sleep cycle 1s calculated in accordance wwth the followng: S = 2n

, Wher ¢ S thgnewheclt{blakio@h bromanicamataii woglde‘exp thwbrbaicanéor ather comipidng st ati on
is in the |l ower a, t he arla e wake nis an
nteger | SRR ehCRA B e I snEnTt PR SR pea et wor k
and nobi | enahal f@ﬁe%ﬁ&'ﬁ&’l\‘ﬂ@?gﬁe (‘gﬁhcﬂﬁll? m[za%mg‘%ﬁhrﬁﬁiél&%uﬁh%rmﬁh divided into

a repeating sequence of ere n = .., 2 1log rt~l

the contrabloek 6bei Mgeciand isghddedh blockles ensthaehswdecdlibeldrgrsa gidhpvhen t he
nobil e station enters the higher power node in accordance with the

f ol | ow ng:cellylocpias arerowbie e pRieds Kraady Eagisicrde JeRol, the mobile station
15 registers in a new group of cells with the URAN 30 and/or one of the core network(s)

the nobile station's variable wake up paraneter to the nehgo;@g;?n ermt

(block 68). Based on its current activity level (e.g., activity levels A2-A4), the mobile
station may determine its corresponding sleep mode parameter value n for that activity

level (block 70).

Of course, if a dedicated channel is already established between the
20 mobile and the URAN 30, (e.g., activity level Al), the mobile station will not enter a
sleep mode. As mentioned above, at activity level A2 where a mobile station-URAN 30
connection exists, the mobile station is registered in a single cell and is communicating
via a common channel. Therefore, the URAN 30 does not need to page the mobile
station since its current cell is known. Data for this mobile station is only transmitted

25 on the common channel during the wake up frames (W) calculated for the mobile

station in accordance with the variable sleep mode cycle formula S=2" (block 72), and



32. In a cellular tel ecomunications systemin which a batt rga@qyﬁnﬁp
nobi | e station comunicates with a core network by way of a''radi'd access
network, a nethod of operating the nobile station conprising: detecting one
or nore conditions relating to the nobile station's operation; based on the
detected condition, determining a variable wake up paranmeter value used to
establish tinmes when the nobile station automatically |eaves a | ower power
node and enters a higher power node; and waking up at the established
times, wherein the one or nore conditions includes one of different
procedures used to |locate the nobile stations or one of different types of

di h : : i Db ion. 33. Th
radi o chan @a@%ﬁ{é V\f%{;ﬁglﬁ‘r’}k/%(gtﬁdﬁﬁﬂﬁu% Msgbl&fk 14*?‘351@21’& %s%oélit@ | on €

method in clarm ferent ocedur es ude a first
procedure WogE skefRRIdk Pashiidter Atpcati on is at a base station cell known
to the radi o access network, a second procedure where a nobile station

| ocation is at a group X base station cells known to the raai o access
network, and a thi r dn petodgdevet Abtwdiess amoln e staros TRAN nodnectadn exists idat  a
group of base St%iﬁti on cells kno~c~ri to the core nﬁtwor.k. 34. The nmethod in

cl ai m 32, Qify staven 4 FepisieEstt In @y peion prep. 4p 2 oL EAAET W HREP (RfEea  dedi cat ed
channel ,s a ,3hafed A ARREpIGRE (RudRAdhiRIs GRAMELike3F A TIA ABF LI didbibeC! 1 M
32, vvhersei rﬁ%"lg or?gh@r ngltpe(g’gon%?t?g{rlls fnc?yd'esléca'\f;ol Eng g;?3 dgftas pgr uni t
time transrhidged oh theQhitibfi AL HEMBBIN dtichta@hiydtins @.gl, iR siéep'maehi gher vol umre,
t he vanabl e wake up paranmeter value is varied to increase the frequence at
which  ~ -parameter ppyde durreased vahs yser pricattizesalteysavings, Semilarqroeedpsiher

vol ume, the_vari \/ngg rameter value is varied to decrease the
frequency aea\el\}%qlggé?%e rm]f?)iu aetE:)s4£';1ti on wakes up. 36. The nethod in claim 32,
further conprising: providing the nobile station's variable wake up
paraneter to the radisonascabese eratnpe, khetsteep erodt parameted nmaayediffeonmuni cat i ons
with the nobil e. statian. 3% The net hod in.cllaign132, further conpri sing:
det ecti g SRHEHGEPPR BRSO HSPECH SRVilORS, MAAGUIRITRFYRE val ue of
the vari abloghepBhRediResRAMASRUES dbBtifS B RSEert Aelvits of HaREMIle3Btiodhe Method in
claim 37, wherein the nobile station may operate at plural activity levels
and wher ei nndependget dendidr phamgaciiencwilll e sorfermaized ectyitatgvehstogbrat i ng at a

e.g., activity levels A1-A4. In fact, a variety of other factors can also be employed to

determine the appropriate sleep mode parameter that optimizes the circumstances of the

15 current situation.

The sleep mode parameter may be varied based on a service currently
requested or subscribed by the mobile station. For services requiring a lower delay, the
variable sleep mode parameter value may need to be decreased. Conversely, for a
current service that tolerates a higher deiay, the variable wake up cycle parameter may

20  be increased to decrease the frequency at which the mobile station wakes up thereby
conserving battery power. Of course, if the service has a maximum delay pararmeter,
the value of the variable wake up cycle parameter should not be increased so much that

the resulting sleep cycle exceeds that maximum delay parameter.

In addition, there may be specific inputs provided directly by a user of the
25 mobile station prioritizing battery conservation or shorter delay. If the user prioritizes

battery conservation, the variable wake up cycle parameter may be increased to decrease



different one of the plural activity levels. 39. The neffhpdiARn2803ai m 32,
wherein the one or nore conditions al so includes one or nore of the
following: a service currently requested or subscribed by the nobile
station, a delay input froma user of the nobile station, and a power

input. 40. The nmethod in claim 32, wherein a variable sleep cycle is
cal cul ated in accordance with the followng: S =2", where Sis the
duration of a variable sleep cycle when7the nobile station is in the | ower
power node and the variabl e wake up paraneter n is an integer. 41. The

met hod in claim40, wherein the base station and nobile station conmunicate

. : . D . , ¢ N
franss. andiumegankASEAFAREobl WaiCupak b e fRARl, e R RIES: ©
det er m ni nghettékdzlayant e spldiEspshenthe verisiidiiéed Ftiatparmetiheiydet he hi gher

power node m accordance with the following: W= (kS) nodul o~l ~I, where k is
an i nt eger .decreased tqincreaseihg frequengy wity pdiighdbgygbiiestation; wakapup WeerEh t he

base stati q@s,ﬂﬁ}% Wﬂoh@r&‘il%ﬁx@%nﬁ?mm cate using a comruni cati ons channel

divided into a repeating sequence of N franes, and where n = 0, 1, 2, ..
2 log FYlI, further conprising: determ ning wake up frames ~LYf ~ when the
nmobi | e station ent er¥ettanether \gniable poghs be thedigpe of pawensaaeecRIgRth t he
following: W= (F + kS~ ul oM, where F is.a frame nunb of the

comuni cgt ipé)ﬁvsenéﬁg}?ﬁﬁ?smgg})ag(?{"ew %%@glaﬁosﬁf“z% 5 Od’et?@F% R e&gée PEYEEOE th the
nmobi | e st atwake.uphyele Pafamé & ulight Be {rREHaOd0 RAVSThECBHtle SN OB ihe e handl 119 pl ur al
battery-operated nobile stations capable of conmunicating with one or nore

cor e net wortRe mebilggatzonyia gineposasie Bewared {tomien clgpisigalarutiat, Beahe Useegn a

det ect or conf i - ' Lce C I sted _or.

Ceeor o B SR AR08 R SLILA S LB el ERVESH Bl

vari abl eo wak &ssipf fyicdue. Daffasmiti@ies WAbdiRritn bnd e ingaddhog 18¢ add ¢ne Hadinga current
service requiring a |l ower delay to increase the frequency at which the

nobi | e st at P@ﬂfr\’Agﬂ«ééo"tﬂf},Sﬂﬁlrlaffpéfs“ah%fﬁrf?’iecﬁffe@@r‘@i‘t?é ohWRrkA YR §YSK a hi gher

delay, to §$&%ﬂagﬁ vari abl e wake up cycle paraneter value to decrease the
frequency Ich the nobile station wakes up.

Reference 1s made to Fig. 7 which shows a mobile station 36 in function
block format. The mobile station includes transceiving circuitry 92 and other circuitry
15 (not shown) for performing typical functions of a mobile station. In accordance with an
example implementation of the present invention, the mobule station may also include a
data activity detector 90 which detects the current level of activity of the mobile station.
For example, the data activity detector 90 may detect the average packet arrival time
measured over a given period of time. The level of data activity is provided to a sleep
20  cycle controller 96 which determines the value of the variable sleep mode parameter n.
For example, the sleep cycle controller 96 may select n based upon comparison of the
currently detected activity to one or more thresholds. For higher levels of activity, the
sleep mode parameter n would have a lower value and vice versa. Data activity may
also be detected based on the time since the last data ransfer as compared to volume. If
25  that time exceeds a particular threshold, then the sleep mode parameter can be

increased.



44. The apparatus in claim43, wherein the service includéd MARe23g3UM del ay
paraneter and the controller is configured to vary value of the variable
wake up cycle paraneter to decrease the frequenry at which the nobile
station wakes up w thout exceeding the maxi num del ay paraneter. 45. The
apparatus in claim43, wherein the detector is confi~u-ed to detect one or
nore of the follow ng factors: a delay input froma user of the nobile
station, a power savings input fromajgser of the nobile station, and a
type of power source for powering the nobile station, and wherein the
controller is configured to v ary the v.uzable w ake up cycl e paraneter

val ue to change the,frequency a i ch the nobile.station nes, up based on
a detected one of fxﬁlg "fog)é Bﬁaﬁ(?n 6 }ﬁ?o iclydes & rman ma eﬂfggerﬁﬂee&gﬁg'ﬁpat us in

cl ai m 43, pefgitsal Mobiltestidhiuad (8 ifpueRirey FriRitie§ suklas Bhitdrpebrsérvagsndrdance with
the following: S = 2", where Sis the duration of the sleep cycle when the
nobi | e st aherbsetipsdalay. these Bets apscReYidedia dhesingp §y¢le copirallae Wand 1047, The
apparatus in claimd46, wherein,the, c i,cati.on i S a series
o T epeat IR AR S R Rty Tof AR b RARIE: S BB u "F RS Tic

frames,s angrixh)esleepmaddpardmeter value.if badtebyo@nddrvatiohés srivaitized bet losenf i gured to
determ ne wake up franmes (W when the nobile station enters the higher

power nodéealug ibbenserindelayistarionized: o PR AYPe delectes) Ohpratidemn inpkie k is an
T g i BRI B U 8 B g 7 oo

i ncludes a series of repeating mes a

cor r esponasobile satien BHeThe dempyclanelesubedtandy chafigelthe Rariable sleed cyelg M, t he
controller configured to determ ne wake up frames (W when the nobile
station eReRmeter alupbased on g iupe HFRIEr feteitidor dance with the fol | owi ng: We(F
+kS) nodul o~~I, where F is a franme nunber of the conmunications channel

sel ect gd based on 30cdHRBALAHRE scbieOEoAbRE M0DLELetRe inpRRIfhdn Bleakéron. 49. The
apparatus in claima43, where the nobile st ation nay operate at plural

activity Ivédgalesiablishinginew seomqss. i stpresalaiapiaiing the cursind permige@- cBirer espondi ng
vari abl e g e raneter value Eor nobi | e. station for each
SaiRher ol MR S TP it SMBPY Bap e Y Bl ne

activity l'eve in s Co

current aaflbwed YethefetheGfurpdieon@miinti@: Giliakd Q&kp el Qaider dathié Issdot t i me
interval when the nobile station wil| awaken froma | ower power sleep node
of oper at ilBcased 0 Mighdat ipdefedts the deaxigpure galpualiored fel TRArEHEANSERIEh] e S| eep
cycl e par L .ue. i . e 8 ity lev el; .u-~d
send agmgﬁtﬁgé‘% Eér fﬁ’ﬁg& r?%gw gj%gﬁ %tq%eg%tléﬁ ’fl%ecoggﬁn%ggnalﬁggsfs%%#se chmel dunng the

controller 100 considers all of the currently subscribed services and determines a

maximum delay that can be tolerated to properly provide those services. The value of

the maximum delay may limit the value of n, for example, in accordance with the

following: n= INT(?. log (max delay / duration of a frame)) .

20 The sleep cycle controller 96 stores the sleep cycle parameters determined
for the mobile station currently as well as for various activity levels, (e.g., A2-A4), and
provides the current sleep mode parameter n to the transceiving circuitry 92 for
transmission to the URAN so that the URAN and core networks can utilize the variable
sleep mode parameter value along with the mobile’s IMSI to determine the appropriate

25  time and manner to page the mobile station. This information may also be stored, for
example, in the MSC/VRL or other central database. Based on the current values for n,

S, and W, the sleep cycle controller 96 controls the power provided to the transceiving



first tinme interval. 50. The app aratus mclaun 49, mherqip£¥Q§2 %ﬂe nobi | e
stauon changes to a new acuviry level, the controller is co d p to
determne a second time intewal when the nobile stauon will awaken from a
sl eep cycle ming the v.uiable sleep cycle par~uneter val ue corresponding to
the new activity |evel. ~ ~f ~ 2003 33 51. The apparatus in claimA49,
wherein when the nobrle station is in the current activity level, the
controller is configured to change the yariabl e sl eep cycle paraneter val ue
corresponding to the current activity level to a changed value, and to
determ ne a second tinme interval when the nobile station will awaken from a
sl eep cycl e _usij. he, changed, vari abl e .s|l eep cye¢l araneter value. 52. The
apparatus i ﬁ“c"llg?%]i ergj, °‘§%e‘g§’?“ﬁ 6P nélrﬁf%%g)r&étﬁpr{rg%lﬁlf Qr}a%: NV “{/e,r t he

control | er kensefvafiorgtbasdirthgvad MedpGcléas b dlgher paaleemage el depabaget er val ue
to increase the frequency at which the nobile station wakes up, or for a

| ower curr eARUSEYRKESUP. the controller is configured to the variabl e wake
up cycle paranmeter value to decrease the frequency at which the nobile
station wakes up. 53 N36iIAPREEAALE rdulin€ (K160 208) is WBRLBEDin 8. 1 1Hhidlly,
activity levels correspond to different procedures used to locate t%e

mobi | e stsat ihermotilestation mely daterhinethe dueneed data aetvitcsrwelleasfthe establishedvi ty | evel

where a user 1S _reqister a, pase station cell kno 0 .l he radi o access
network, a §%%V6Wd°‘_§i:fei'&/i ‘ggﬁ%é%‘? gﬁﬂé}t"é "goﬁ'?B_P" ﬁ%“’%&‘? %%"b%rd}“f RE S mal | er
group of bag@isiyad ivie 6LbiswlaNREhJINY (BI&& 202 dhdlaBAEESStpl WO Mhe mivble a third
| arger group of base station cells known by the one or nore core networks.

54. The appatebemnmay plse regerye Amputst fhem ¢ aparsuth as pripgtizenbitgoy $dingsoset t he

communi cat 1 Snen L PO Pk R0l e Rl bl D lopr outdpfons °

capabl e of aRBALEIGAE /Wb MAARLGT deldy requiement 8t oneddrkSortiSérbgea radi o
access network and operati lural activity levels, a nmethod perfornmed

by the radi &@edesy Sﬁbf’cc\ﬁk‘?ﬁﬁgy g%ﬁgbsicébﬁdbl_od’e%%rﬂﬁﬁ tbelgd4s sepiheelurrent Iy
eauest oo, O OSGIPR, R, RO R BBl 0 R QR SBegRO 0,
activity | evadeleddestep (d)Ni Tige okile stRidh ndutalsvidetgrrhiay similaf infféréenaniobfrom St at i on;
- R Z?}?e:;)e ?Z)Aﬁr steps (1)-(4) for plural core network service nodes if the mobile station
15  subscribes to services from plural core networks (block 210). The mobile station then

calculates the variable sleep mode parameter n, the sleep cycle S, and the wake up

frames W for each core network using the formulas described above, taking into

account the information gathered in one or more the steps (1)-(4) determuned for each

core network (block 212). The mobile station then determines the wake up frames W

20 that best accommodate the needs of all involved core networks (block 214).

It is also desirable to coordinate the sleep cycle of the mobile station
based on various factors for plural core networks. Referring to the example situation in
Fig. 9, the mobile station is registered with two core network service nodes 18 and 20
which store corresponding sleep mode parameter values nl and n2 for this mobile
25  station. The mobile station and URAN 30 also store these sleep mode parameter values
nl and n2. The sleep mode parameter values may be agreed upon by the mobile
station and the core network when the mobile last registered with that core network.

The parameter values may also be associated with the subscription of the mobile



determining a tinme interval when the nobile station wlll amg&eﬁARrBW%a

| oner power sleep node of operation to a higher power node of operation
using the variable sleep cycle paraneter value corresponding to the
detected activity level; and sending a nessage to the nobile station on the
comuni cati ons channel during the tine interval. 56. The nethod in claim
55, wherein the nessage is a page. 57. The nmethod in claimb55, further
conprising: informng the nobile stati @9 of the variable sleep cycle

par ameter corresponding to the determ ned acti~zty level. 58. In a radio
comuni cati ons system having plural battery-operated nobile stations

capabl e of GRERNA} SREdifEd M b HUR fld ANGIRELLNM HORBLASIURIK SWhéy Met hod
conprising: storing a first variable sleep paraneter value for one of the

nmobi | e st acicamsngathetohebifeimaytregsieewnlie bmeitoud clthnging elopedaneten vables. ki thep
paranmeter value for, the one bile station at the_.second wor K;
ot er i ni nglEReRITa e O GO BT HReh RSB 158 (21 BR o 1P CAWERah 1 1 om a
| ower power hehesmsedqg f operation to a higher power node of operation

taking into account one or both of the first and second vari abl e sl eep
par anmet er val ues; and sendi ng a nessage to the one npbile station on a
A

conmuni céti ons chann@laﬂ’fFGﬁﬁe woedimepiethe sleep ?ﬁ@i%‘rdwkéd‘i’if@eﬁﬁé'@q rst tinme
interval . 5, &p@nﬁ%{k?sgr\li& rfdggé %?&ch}’gﬂﬁéﬁ {Qbs’%ﬁx{){dcﬂg%&miitaﬁgﬁ,%es storing

a nobile station | I er € one no e statio
cor r espon~~mobileosaion rhayt wigmhtelyswakeng nsee ofich that isabtadssy aegdgac aszfyer val ues
for the one nobile station at both of the core networks. 60. The nethod in

claim59, fHheiHEHRA MK 8P fHge fEamss ihgang Werralcginedfop e o hePkn t he one
mobt L& St akeRoldeShchiilizaRBA ) Be bitficVed 8P AsiBE BRRHES MY Gp 1R Rmpar amet er

val ues for the one hobile st anon. ~ 61. The nethod in
cl ai m 58¢p wigorghm to kecifi¢ al parametesescapdthealeeminode sycemddgrdafming thevddepes ar e
sel ected so _that first tipe interval determned for the first variable
sl eep par an@pgc}cxy%aaé’lpgﬁvgrg Yond tine interval deternined for the second
vari abl e sl eep paraneter val ue are synchroni zed.

Fig. 9 illustrates an example of the various parameters which are stored in

the core network service nodes 18 and 20 including the mobile’s IMSI, the mobile
station’s cell, URA, or location area, and corresponding variable sleep parameter nl or

15 n2. Inthis example, the URAN 30 provides an established connection between the
mobile station and the packet-switched service node 20. The URAN 30, rather than the
service node 20, handles the mobility of the mobile station. To locate the mobile
station, the service node 20 does not need to use a paging procedure, and instead
employs the already established connection via the URAN 30. The established

20 connection is identified by a “URAN reference.” As an example, the URAN reference
points at a certain connection between the service node 20 and the RNC 32 that is
unique for the mobile, e.g., an SCCP-connection, a TCP-connection, an ATM

connection, etc.

The mobile station 36 also stores its IMSI, its current cell, URA or
25  location area, and the variable sleep mode parameters nl and n2 for the two core
network service nodes 18 and 20. The current activity level of the mobile station 36

with respect to the circuit-switched services node 18 happens to be relatively low



62. The nethod in claim®6l, wherein the first and second tinme intervals are
defined as a power of 2. 63. The nethod in claim62, wherei n@h?[fl rst and
second time intervals are calculated i n accordance with ﬂﬂer} oW ng: S 1=
2"i , where S1is the first tine interval when the one nobile station is
in the low er power node and nl is an integer corresponding to the first
vanabl e sl eep paraneter, and S Z = 2"" , where S 2 is the second tine
interval when the one nobile station i® in the | ower power node and n2 is
an integer corresponding to the second variabl e sleep paraneter. 64. The
met hod in claim63, wherein the communi cati ons channel incl udes a seri es of
repeati ng ! 'ﬁﬁﬁ nl r~2 o, 1,
2, ., c{’)&es{){% Hﬁtm%%ﬁs|Arfcor(&d‘§'gyeﬁhl%r}|]%ﬁ|3§as l]ﬁk)%aﬂelb frames (W- when
t he m)bl I enmbﬂdz b oonneoti@r with hedehi8gérathe poiable staed @atameser cdr @anbeothet h t he

followi ng: W= ~k2"' ere k. is . an inte if nl, < n2, or W=
k2o - o i R At Vel 0?&62{’1&9%?@5%? 36 ith pspest ff the pegket- PRt hod | n

cl aim63, Gl repeati ng
EL| framwzﬁ% Tk 78 i G S, G CRRRIG) i RIS RV oPeal! ng
log N . s, lqyckfhermnma edmgctiodenmnﬁyrebcisg forthe pagkef-swatabsd éewicemen t he

nobi |l e stati e r ein acco dac

fol I owi ng: C?P’TZO %1’%&2@(’@ géﬁw&%\[\g SJE@"“S CmﬁB‘cﬁ? 0 d ﬁ% Q]I? pe§p an

I nteger, Paﬂﬁ]netérm@%one?ﬁlﬁxdﬁg'téth@ Bél@ﬁ@wi’t’dh@@?érvi@és kdae 200MMuni cat i ons
channel selected based on an |dent| fier associated with the npbile station,

and ~' =~F+k2' ~if n2<nl. 66. A battery-operated nobile station, conprising:
transcei ving ci r cui Byylefiing thesieeninade sylas Paweaiol ey thpavake up feRstesct or

confi gur ed f&r%a%f’ it t&&‘f’or%?xet%ﬁ&e &:drlotd%ﬁo d%%%lg:%aidgd H{:e mobi | e

station's oOperation Inc current g transm tted

f'rom oryor egeiyed, pyn! Hedmabwl & §1t<%u 2R Wm(pak §+@geoexf5l@ GORS &th er
configured to deter ne a vari abl'e wake up ‘cycle paraneter used to

establ i sh aexc) & MNERELNGATHOL R BIALIALAUEARBLLARL o) RAKRS #ahower

power node and enters hi gher power” on t he et ect one or nore
condi ti ons,Wwkempewar ¢fieosthe spkeyeinstagoht iseilcbronzedcorifat gy weking op fper at e t he
transcei Vm#g-‘fl rcwtré/ i ndacc rdanc vvlth Ee determl?ed var i blue wake up
CyC| e par a sgprtest sle P mode cycle reqmre y one of the core network service nodes e
mobile also periodically wakes up on the longer sleep mode cycle required by the other
15 core network service node. For example, because for the short sleep cycle the mobile
wakesupat F,F+2,F+4,F+6,F +3,... and for the longer sleep cycle the mobile

wakesup at F, F +4, F +8, ..., the two cycles are synchronized.

Thus, the variable sleep mode provided by the present invention allows
flexible and selective tradeoff between battery savings and service quality that can be
20  controlled by the mobile station itself, by the user or by the network as necessary. It is
also possible to vary the mobile’s sleep mode cycle so that it is consistent with different
radio resource activity levels which are controlled by the URAN. Still further, the
variable sleep cycle allows a mobile station to efficiently listen for independent page
messages from different core network nodes while still achieving battery savings even if

25  the respective sleep mode periods for those core networks are different.

While the invention has been described in connection with what is

presently considered to be the most practical and preferred embodiment, it is to be



67. The battery-operated nobile station mclai m 66, whgmeMnRtHB3detector IS
configured to detect a change in one or nore conditions and to vary the
val ue of the variable wake up cycle paraneter in response to the detected
change. 68. The battery-operated nobile station in claim66, wherein the
nobil e station nmay operate at plural activity levels, and wherein the
detector is configured to detect the nobile station changing from operation
at one of the plural activity |levelsyto operation at another of the plural
activity levels. 69. The battery-operated nobile station in claim 68,
wherein different procedures are used to | ocate the nobile station for each
of the activity levels. 70. The batterﬁﬁgﬂﬁkgaﬁgmﬁﬂhhhéﬂéﬁaﬁﬂﬁn m cl ai m 68,
wherein the one; @ ﬁ@h&em&mdbﬂﬂdﬁ@“ﬁﬁ% es a current activity level of the
: ungrt od that ng%-ljﬁl
nobi | e st*"&FF8A" so that for a 1- UGB& calbns emt equivplept A e sleep cycle
controlIqhngﬁygehﬁﬂgbdéum¥ﬁrvngry the v unabl.e wake up cycle paraneter
value to increase,tﬁe f&ﬁgﬂ@gﬁﬁeatﬁmMPwﬁdQ AMBbi | e station wakes up, or
for a  -inGuded wilyn 7 lower current activity, the sleep cycle
controller is configured to vary the vanabl e wake up cycl e paraneter val ue
to decrease the frequency at which the nobile station wakes up. 71. The
battery-operated nobile station in claim®68, wherein the one or nore
conditions includes a service currently requested or subscribed by the
nobi |l e station so that for a current service requiring a |l ower delay, the
sl eep cycle controller is configured to vary the variable wake up cycle
paraneter value to increase the frequency at which the nobile station wakes
up, or for a current service permtting a higher delay, the sleep cycle
controller is configured to vary- the variable wake up cycl e paraneter
val ue to decrease the frequency at which the nobile station wakes up. 72.
The battery-operated nobile stauon in claim®66, wherein the one or nore
conditions includes a delay input froma user of the nobile station so that
for a |l ower delay, the sleep cycle controller is configured to vary the
vari abl e wake up cycle paraneter value to increase the frequency at which
the nobile station wakes up) ~uid For a higher delay, the sleep cycle
controller is configured to vary the variabl e wake up cycl e paraneter val ue
to decrease the frequenc~~ at which the nobile station wakes up. 73. The
battery-operated nobile station in claim®66, wherein the one or nore
condi tions includes a power savings input froma user of the nobile st
ation so that for greater power savings, the sleep cycle controller is
configured to vary the variable wtike up cycle paraneter value to decrease
the frequency at which the nobile station w tikes up, or for decreased cal
setup delay, the sleep cycle controller is configured to vary the variable
wake up cycl e paranmeter value to increase the frequency at which the nobile
station wakes up. 74. The battery-operated nobile station m cl ai m 66,
wherein the one or nore conditions includes the type of power source
currently powering the nobde station so that for a power source having a
shorter life, the sleep cycle controller is configured to vary the variable
wake up cycle paraneter to increase the cycle, and for a po~-er source
having a |l onger Life, the sleep cycle controller is confi5 fired to vary
the variable ~~al:e up cc-cle naranPrPr rn ~PI" 1" PaCP YYIP I''~IfIP



1 4 M-.~ 2003 38 7~. The batten'-operated nobile station i7n4 /A PYILE €
wherein the sleep cycle controller is configured to use the vari abl e wake
up cycle paranmeter n to calculate the following: S =2" , where Sis the
duration of a variable sleep cycle when the nobile station is in the | ower
poiver node and n is an integer. 7G The batten--operated nobile station in
claim?75, wherein nis a power of 2. 77. The batter~~-operated nobile
station in claim7G wherein the nobile station communicates with a network
usi ng a comuni cati ons channel divided 7'5nto a repeating sequence of .1
frames, and where n =0, 1, 2) ..., 2 I'dog NI , and wherein the sleep cycle
controller is configured to determ ne wake up franes ~lY/ ~ when the nobile
station enters the higher é)ower node in accordance with the follow ng: 11U
= ~kS~ MME&MA&E&L. s an integer. 78. The batter~~-operated nobile
station in claim7G wherein the nobile station communicates wth a

net ~~-ork using a o j [ AL v { . i gquence
of .11 framas?' and(A ergaﬁ?éb%ﬁﬂggggﬁ% P g%é}eﬂglgogf@/}rgqlg\%agregl%ﬁlﬁl{}%:e&gl eep
cycl e coniveph t@nhmiusicaiods dpaned id ohithtraesigesarsalmmimidatBs sehes?of A when t he
nobil e statiaon enters the higher po-er node tn accordance with the

fol |l o~vt r’f@P—eaﬂg/c?mf_n%l‘-‘OmpRl.s@%: modul o all , where F is a frane nunber of the
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mobile radio is to operate in a lower power consumption mode, where § = 2" and a
variable sleep mode parameter 7 is an integer whose value is vaniably determined, and o
determine a wake up time W when the mobile radio leaves the lower power consumption
sleep cycle and to operate in a higher power awake mode, where W = (£S) moduloM,

where £ is an integer.

7. The apparatus in claim 6, wherein W is determined further in accordance
with W =(F +£S) moduloM, where F is a frame number of the communications channel

selected based on an identifier associated with the mobile station.

8. The apparatus in claim 6, further comprising;
a detector configured to detect a change in one or more conditions,
wherein the sleep cycle controller is configured to vary the value of the variable

sleep mode parameter 7 in response to the change.

9. The apparatus in claim 6, further comprising;

wherein the sleep cycle controller is configured to determine the value of the
variable sleep mode parameter 7 in accordance with one or more of the following: a
volume of data per unit time transmitted to or from the mobile station, an activity level of
the mobile station, a procedure used to locate the mobile station, a type of radio channel
associated with operation of the mobile station, a service currently requested or subscribed

by the mobile station, and a power input associated with the mobile station.

10.  In a cellular telecommunications system in which a battery-powered mobile
station communicates with a network, a method of operating the mobile station
compnsing:

detecting one or more conditions relating to the mobile station’s operation;
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based on the detected condition, determining a variable wake up parameter value
used to establish times when the mobile station automatically leaves a lower power mode
and enters a higher power mode; and

waking up at the established times,

wherein the one or more conditions includes a volume of data per unit time
transmitted to or from the mobile station so that for a higher volume, the variable wake up
parameter value is varied to increase the frequency at which the mobile station wakes up,
or for a lower volume, the variable wake up parameter value is varied to decrease the

frequency at which the mobile station wakes up.

11, The method 1n claim 10, further comprising:
providing the mobile station’s variable wake up parameter to the network to permit

coordinated communications with the mobile station.

12, The method in claim 10, further compnsing:
detecting a change in one or more conditions, and

varying the value of the variable wake up parameter in response to the change.

13.  The method 1n claim 12, wherein the mobile station may operate at plural
activity levels, and wherein the detected change includes the mobile station operating at a

different one of the plural activity levels.

14.  The method in claim 13, wherein the detected change includes the mobile
utating a change in the one or more conditions while the mobile station is operating in

only one of the activity levels.

15.  The method in claam 10, wherein the one or more conditions also includes a
service currently requested or subscnibed by the mobile station so that for a current service
requiring a lower delay, a range of the vanable wake up parameter value is vaned such that
a lower limit of the frequency at which the mobile station wakes up is increased, or for a
current service permutting a higher delay, the range of the vartable wake up parameter value
is varied such that a higher limit of the frequency at which the mobile station wakes up is

decreased.
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frequency at which the mobile station wakes up.

17.  The method in claim 10, wherein the one or more conditions also includes a
power savings input from a user of the mobile station so that for greater power savings,
the variable wake up parameter value is varied to decrease the frequency at which the
mobile station wakes up, or for decreased call setup delay, the variable wake up parameter

value is varied to increase the frequency at which the mobile station wakes up.

18.  The method in claim 10, wherein the one or more conditions includes the
type of power source currently powering the mobile station so that for a power source
having a shorter life, the variable wake up cycle parameter is varied to increase the cycle, or
for a power source having a longer life, the variable wake up cycle parameter is varied to

decrease the cycle.

19.  The method in claim 10, wherein the one or more conditions relates to
different procedures used to locate the mobile stations or different types of radio channels

associated with the operation of the mobile station.

20.  The method in claim 10, wherein the variable wake up parameter 7 is used

to calculate the following: S =27, where § is the duration of a variable sleep cycle when

the mobile station is in the lower power mode and 7 is an integer.

21.  The method in claim 20, wherein the base station and mobile station
communicate using a communications channel divided into a repeaung sequence of M
frames, and where n=0,1,2, .., 2logM, further comprsing:

determining walke up frames (W) when the mobile stauon enters the hugher power
mode in accordance with the following:

W = (kS) moduloM, where k is an integer.
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W =(F +kS) moduloM, where F is a frame number of the communications

channel selected based on an identifier associated with the mobile station.

23.  For use in a cellular telecommunications system in which mobile stations

comumunicate with a network, apparatus comprnsing;

a detector configured to detect one or more conditons relating to a mobile station’s

operation;

a controller configured to determine a variable wake up parameter value used to

establish times when the mobile station automatically leaves a lower power mode and
enters a higher power mode based on the detected condition; and
wherein the one or more conditions includes a volume of data per unit time

transmitted to or from the mobile station so that for a lugher volume, the controller is

configured to vary the variable wake up parameter value to increase the frequency at which
the mobile station wakes up, or for a lower volume, the controller is configured to vary the

variable wake up parameter value to decrease the frequency at which the mobile station

wakes up.

24.  'The apparatus in clam 23, wherein the controller is configured to provide

the mobile station’s variable wake up parameter to the network to permit coordinated

communications with the mobile station.

25.  'The apparatus in clam 23, wheren the detector is configured to detect a

change in one or more condiuons, and to vary the value of the vanable wake up parameter

in response to the change.
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TUH 9+1activ1ty levels, and wherein the detected change includes the mobile station operating at a

different one of the plural acuwvity levels.

27.  The apparatus in claim 23, wherein the one or more conditions also includes
a delay input from a user of the mobile station so that for a lower delay, the controller is
configured to vary the variable wake up parameter value to increase the frequency at which
the mobile station wakes up, or for a higher delay, the controller is configured to vary the
variable wake up parameter value to decrease the frequency at which the mobile station

wakes up.

28.  The apparatus in claim 23, wherein the one or more conditions also mncludes
a power savings input from a user of the mobile station so that for greater power savings,
the controller is configured to vary the variable wake up parameter value to decrease the
frequency at which the mobile station wakes up, or for decreased call setup delay, the
controller is configured to vary the variable wake up parameter value to increase the

frequency at which the mobile station wakes up.

29.  The apparatus in claim 23, wherein the one or more conditions includes one
of different procedures used to locate the mobile stations or one of different types of radio

channels associated with the operation of the mobile station.

30.  The apparatus in claim 23, wherein variable sleep cycle is calculated in

accordance with the following: § = 2", where § is the duration of a varable sleep cycle
when the mobile station is i the lower power mode and the variable wake up parameter »

1S an integer.



1019, 1 109%& ()-"19, 1 109%&' ()- " 9#! 10%& ()-Z! 9#! 10%& ()-ZL' 1 109%&' ()-m L' ! 109%& (
) - MUMAgj udBl 10!! & 109%5& ()- !c& 10%&' ()- F 10%& ()- T4 MAR

1096& ()-""109%& ()- @10 10uVSTz[9+1 1055!3 10%5& ()- 3 "R 2003

, 2MLO9B& () -1 $! 109B5& () - & "~ $! 10965& () - &&! 109%&' ()-! & 10965& () - TUVFi cgHlL
1055! 3 11098 ()- 10%v& ()- 109v& ()-, F109%v& ()-9!y10%& ()-G 1055 1055c8;
dBHL 1055!!"110% | & ()-F10%v& ()- 109%V& ()-" 10%V& ()- S10%E' ()- @LO%E' () -
"z9dEHL 1055!! - -

10988 () -, M 109%V&' ()-s*109%VE () - ( 109%VE' ()9, &LO%WE ()-s$310%& () -9,/ bCO55! !
F109B& ()-3"10%B& ()-3 10M 10M

10VB8109%VE! () - 610%VE: () - 341098v& () -/ $' bCO55! | f 10%& () - 10%;&' ()- 10B 10B
10B 109B& () - & 10%3&ng - 109B&' () -, CGAEHCD55! | 95@gy LF10%g& () -
10%& ()- 10%gRl SARPHEFRIY Y- %) Yb%jl@ p NglE e mrm/@%n(rydmcate

10%ge () OF 9*8%‘8%8*&%%%8{% : Qb THIE | repcaing sauence of M frames, nd

" $10%& () whetel@2Q&, @) -.bDGQ35) tHELDYERS!dr)belrlgldfiiired to determine wake up frames

(W) when the mobile station enters the higher power mode in accordance with the
following:

=(kS) moduloM, where £ Is an integer.

32.  In a cellular telecommunications system in which a battery-powered mobile
station communicates with a core network by way of a radio access network, a method of
operaung the mobile station comprising;

detecting one or more conditions relating to the mobile station’s operation;

based on the detected condition, determining a variable wake up parameter value
used to establish times when the mobile station automatically leaves a lower power mode
and enters a higher power mode; and

waking up at the established times,

wherein the one or more conditions includes one of different procedures used to
locate the mobile stations or one of different types of radio channels associated with the

operation of the mobile station.

33.  The method in claim 32, wherein the different procedures include a first
procedure where a mobile station location is at a base station cell known to the radio
access network, a second procedure where a mobile station location is at a group of base
station cells known to the radio access networls, and a third procedure where a mobile

station location is at a group of base station cells known to the core network.

34.  The method in claim 32, wherein the different types of radio channels

include a dedicated channel, a shared channel, and a paging channel.

35. The method in claim 32, wherein the one or more conditions includes a
volume of data per unit time transmitted to or from the mobile station so that for a higher

volume, the vanable wake up parameter value 1s varied to increase the frequency at which
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36.  The method in claim 32, further comprising;
providing the mobile station’s variable wake up parameter to the radio access

network to permit coordinated communications with the mobile station.

37.  The method in claim 32, further comprising:
detecting a change in the one or more conditons, and

varying the value of the variable wake up parameter in response to the change.

38.  The method in claim 37, wherein the mobile station may operate at plural
activity levels and wherein the detected change includes the mobile station operating at a

different one of the plural activity levels.

39.  The method in claim 32, wherein the one or more conditions also includes
one or more of the following: a service currently requested or subscribed by the mobule

station, a delay input from a user of the mobile station, and a power input.

40.  The method in claim 32, wherein a variable sleep cycle is calculated in

accordance with the following: § =27, where § is the duration of a variable sleep cycle
when the mobile station is in the lower power mode and the variable wake up parameter n

1S an Integer.

41.  'The method in claim 40, wherein the base station and mobile station
communicate using a communications channel divided nto a repeating sequence of M
frames, and where n=0,1, 2, ..., 2log M, turther comprising:

determining wake up frames (W) when the mobile station enters the higher power
mode in accordance with the following:

= (kS) moduloM, where £ is an integer.
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ys!' 10%  communicate using a communications channel divided into a repeating sequence of M

frames, and where n=0, 1, 2, .., 2log M, further compnising:

determining wake up frames (W) when the mobile station enters the higher power
mode in accordance with the following:

W =(F +kS) moduloM, where F is a frame number of the communications

channel selected based on an identifier assoctated with the mobule station.

43.  For use in a radio communications system having plural battery-operated
mobile stations capable of communicating with one or more core networks using a radio
access network, apparatus comprising:

a detector configured to determine a service currently requested or subscribed by a
mobile station, and

a controller configured to vary a variable wake up cycle parameter value for the
mobile station for a current service requuring a lower delay to increase the frequency at
which the mobile station wakes up, or for a current service permitung a higher delay, to
vary the variable wake up cycle parameter value to decrease the frequency at which the

mobile station wakes up.

44.  The apparatus in claim 43, wherein the service includes a maximum delay
parameter and the controller is configured to vary value of the variable wake up cycle
parameter to decrease the frequency at which the mobile station wakes up without

exceeding the maximum delay paramerter.

45.  The apparatus in claim 43, wherein the detector is configured to detect one
or more of the following factors: a delay input from a user of the mobile station, a power
savings input from a user of the mobile station, and a type of power source for powering
the mobile station, and wherein the controller 1s configured to vary the variable wake up
cycle parameter value to change the frequency at which the mobile station wakes up based

on a detected one of the factors.
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46.  The apparatus in claim 43, wherein the variable sleep cycle 1s calculated in

accordance with the following: § =2", where S 1s the duration of the sleep cycle when the

mobile station is in the lower power mode and 7 is an integer.

47.  The apparatus in claim 46, wherein the communications channel includes a
series of repeating frames and the first time interval corresponds to one the frames, and
where n=0, 1,2, ..., 2log M , the controller configured to determine wake up frames (W)
when the mobile station enters the higher power mode in accordance with the following:

W =(kS) modulo M, where & is an integer.

48.  The apparatus in clam 46, wherein the communications channel includes a
sertes of repeating frames and the first time interval corresponds to one the frames, and
where n=0,1,2, ..., 2log M , the controller configured to determine wake up frames (W)
when the mobile station enters the higher power mode in accordance with the following:

=(F +&S) moduloM, where F is a frame number of the communications

channel selected based on an identifier associated with the mobule station.

49.  The apparatus in claim 43, where the mobile station may operate at plural
actvity levels, further comprising:

a memory for storing a corresponding variable sleep cycle parameter value for the
mobile station for each activity level, wherein the controller 1s configured to:

determine a current activity level of the mobile station;

determine a first time interval when the mobile station will awaken from a lower
power sleep mode of operation to a higher power mode of operation using the variable
sleep cycle parameter value corresponding to the detected acuvity level; and

send a message to the mobile station on the communications channel dunng the

first time interval.

50.  The apparatus in clam 49, wherein when the mobile stauon changes to a
new acuvity level, the controller 1s configured to determine a second tume interval when
the mobile station will awaken from a sleep cycle using the vanable sleep cycle parameter

value corresponding to the new activity level.
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51.  The apparatus in claim 49, wherein when the mobile station is in the current
acuvity level, the controller i1s configured to change the vanable sleep cycle parameter value
corresponding to the current activity level to a changed value, and to determine a second

time interval when the mobile station will awaken from a sleep cycle using the changed

variable sleep cycle parameter value.

52.  The apparatus in claim 49, wherein for a higher current activity, the
controller is configured to vary the variable wake up cycle parameter value to increase the
frequency at which the mobile station wakes up, or for a lower current activity, the
controller is configured to the variable wake up cycle parameter value to decrease the

frequency at which the mobile station wakes up.

53.  The apparatus in claim 49, wherein the plural activity levels correspond to
different procedures used to locate the mobile station, the plural activity levels including a
first activity level where a user is registered at a base station cell known to the radio access
network, a second activity level where a user 1s registered in a smaller group of base station
cells known by the radio access network, and a third larger group of base station cells

known by the one or more core networks.

54.  The apparatus in claim 42, the controller is configured to set the variable

sleep cycle parameter value to a default value.

55.  Inaradio communications system having plural battery-operated mobile
stations capable of communicating with one or more core networks using a radio access
network and operating at plural activity levels, a method performed by the radio access
network, comprising;

determining a service currently requested or subscribed by a mobule station;

storing a corresponding variable sleep cycle parameter value for the mobile station
for each acuvity level;

determining a current actvity level of the mobile stavion;

-
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determining a time interval when the mobile station will awaken from a lower
power sleep mode of operation to a higher power mode of operation using the variable
sleep cycle parameter value corresponding to the detected activity level; and

sending a message to the mobile station on the communications channel during the

time tnterval.
56.  The method in claim 55, wherein the message 1s a page.

57.  The method in claim 55, further comprising;
informing the mobile station of the variable sleep cycle parameter corresponding to

the determined activity level.

58.  In aradio communications system having plural battery-operated mobile
stations capable of communicating with first and second core networks, a method
comprising:

storing a first variable sleep parameter value for one of the mobile stations at the
first core network and a second variable sleep parameter value for the one mobile station
at the second core network;

determining a time interval when the one mobile station will awaken from a lower
power sleep mode of operation to a higher power mode of operation taking into account
one or both of the first and second vanable sleep parameter values; and

sending a message to the one mobile station on a communications channel from

one of the core networks during the first time interval.

59.  The method in claim 58, wherein storing step includes storing a mobile
station identifier for the one mobile station and the corresponding one of the first and
second variable sleep parameter values for the one mobile station at both of the core

networks.

60.  The method in claim 59, further comprising;
storing at the one mobile station the one mobile station 1denufier and the first and

second variable sleep parameter values for the one mobile station.
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61.  The method in claim 58, wherein the first and second variable sleep
parameter values are selected so that a first time interval determined for the first vanable
sleep parameter value and a second time interval determined for the second variable sleep

parameter value are synchronized.

62.  The method in claim 61, wherein the first and second time intervals are

defined as a power of 2.

63.  The method in claim 62, wherein the first and second time intervals are
calculated in accordance with the following: S1= 2", where S1 is the first time interval

when the one mobule station is in the lower power mode and sl 1s an integer

. . 2 .
corresponding to the first variable sleep parameter, and §2 = 2"°, where S$2 is the second
time interval when the one mobile station is in the lower power mode and 72 is an integer

corresponding to the second vartable sleep parameter.

64.  The method in claim 63, wherein the communications channel includes a
series of repeating M frames, and where n1=0, 1, 2, ...,2logM and
n2=0,1,2, .,2logM, further compnsing:

determining wake up frames (W) when the mobule station enters the higher power
mode in accordance with the following:

W = (k2" ) moduloM, where £ is an integer, if n1<n2, or

W= (kz”“ )moduloM, where k& is an integer, if 72 <nl.

65.  The method in claim 63, wherein the communications channel includes a

series of repeating M frames, and where n1=0, 1, 2, ...,2log.W and
n2=0,1,2,.., 2logM., further comprising:
determining wake up frames (W) when the mobule station enters the higher power

mode in accordance with the following;



110%g& ()- ! 10%& ()- y310%& ()- y@0%& ()-3"10%& ()1 g@@/ Y5 /
10&$109%g& ()- s"MLO%g& ()- G 109%g& ()-, 109%g& ()-' 109%g& () - 10%g& (
dE:/ 10/ MLOY%g& () - - 10%g&’ () - 3+10%g& () - Gy) 10%& ()- s' Y10%& () -
0810%g& ()- .axnbC 10!310%& ()- 10g 10g 10g9610%g& ()- , 5Z10%g& () -
$3710%g& ()- 110%g& ()- ; dEnbC 10@0%& ()- 10%& ()- COF10%& () -

3" 10%& ()-f10%& ()- G@o%& ()-, z B?dBnbC 10!y "10%b& () - Zy
"10%H8& () - ZGLO%& ()- ! 10%& ()-910%& () - 910%F& () - ?$i qdENDC

10!'S, 1 10%8&' ()-*310%& ()- 3(10%& ()- &J0%e& ()-

W:(F +/e2"')moduloM, where £ is an integer, if n1<n2,and F 1s a frame

number of the communications channel selected based on an identifier associated with the

mobile station, and

W’:(F +/’e2"'7) if n2 <nl.

66. A battery-operated mobile station, comprising:

transcewving circuitry for transmitting and receiving data;

a detector configured to detect one or more conditions relating to the mobile
station’s operation including a current level of data being transmitted from or received by
the mobile station; and

a sleep cycle controller configured to determune a variable wake up cycle parameter
used to establish a cycle when the mobile station automaucally leaves a lower power mode
and enters a higher power mode based on the detected one or more conditions,

wherein the sleep cycle controller is configured to operate the transceiving circuitry

in accordance with the determined variable wake up cycle parameter.

67.  The battery-operated mobiie station 1n claim 66, wherein the detector is
configured to detect a change in one or more conditions and to vary the value of the

variable wake up cycle parameter in response to the detected change.

68.  The battery-operated mobile station in claim 66, wherein the mobile station
may operate at plural activity levels, and wherein the detector is configured to detect the
mobile station changing from operation at one of the plural activity levels to operation at

another of the plural activity levels.

69.  The battery-operated mobile station in claim 68, wheremn different

procedures are used to locate the mobile station for each of the activity levels.

70.  The battery-operated mobule station in claim 68, wherein the one or more
conditions includes a current activity level of the mobule station so that for a ugher current
activity, the sleep cycle controller is configured to vary the vanable walke up cydle

parameter value to increase the frequency at which the mobile station wakes up, or for a

)-y# _
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71.  The battery-operated mobule station in claim 68, wherein the one or more

conditions includes a service currently requested or subscribed by the mobule station so
that for a current service requiring a lower delay, the sleep cycle controller is configured to
vary the variable wake up cvcle parameter value to increase the frequency at which the
mobile station wakes up, or for a current service permitting a higher delay, the sleep cycle
controller is configured to vary the variable wake up cycle parameter value to decrease the

frequency at which the mobile station wakes up.

72.  The battery-operated mobile staion in clam 66, wherein the one or more
conditions includes a delay input from a user of the mobile station so that for a lower
delay, the sleep cycle controller is configured to vary the variable wake up cycle parameter
value to increase the frequency at which the mobile stavion wakes up, and for a higher
delay, the sleep cycle controller is configured to vary the variable wake up cycle parameter

value to decrease the frequency at which the mobile station wakes up.

73.  The battery-operated mobile station in claim 66, wherein the one or more
conditions includes a power savings input from a user of the mobile station so that for
greater power savings, the sleep cycle controller is configured to vary the variable wake up
cycle parameter value to decrease the frequency at which the mobile station wakes up, or
for decreased call setup delay, the sleep cycle controller 1s configured to vary the variable

wake up cycle parameter value to increase the frequency at which the mobile station wakes

up.

74.  The battery-operated mobile station 1n claim 66, wherein the one or more
conditions includes the type of power source currently powering the mobile station so that
for a power source having a shorter life, the sleep cycle controller is contigured to vary the
variable wake up cycle parameter to increase the cycle, and for a power source having a

longer life, the sleep cycle controller is contigured to vary the vanable wake up cycle

naramerer tn decreace the rucle
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75.  The battery-operated mobile stauon 1n claim 66, wherein the sleep cycle

controller 1s configured to use the varable wake up cycle parameter # to calculate the

following: §=2", where § 15 the duration of a variable sleep cycle when the mobile

station 18 1n the lower power mode and # 1s an integer.
76.  The battery-operated mobile station in claim 75, wherein 2 1s a power of 2.

77.  The battery-operated mobile station i1n claim 76, wherein the mobile station
communicates with a network using 2 communications channel divided into a repeating
sequence of M frames, and where n=0, 1, 2, ..., 2log M, and wherein the sleep cycle
controller 1s configured to determine wake up frames (I7) when the mobile station enters
the higher power mode 1n accordance with the following:

W = (£S) modulo .M, where £ is an integer.

78.  The batterv-operated mobile staton in claim 76, wherein the mobile station
communicates with a network using a communications channel divided into a repeaung
sequence of A frames, and where n=0, 1, 2, ..., 2log M, wherein the sleep cycle
controller is configured to determine wake up frames (") when the mobule stanon enters
the higher power mode 1n accordance with the tollowing’

W =(F + £5) modulo Al , where F 15 a frame number of the communications

channel selected based on an tdentifier assoctated with the mobile station.



